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PREFACE. 

In the present volume I have endeavoured to explain, 
in simple language, some difficult problems in " Animal 
Mechanics/' In order to avoid elaborate descriptions, I 
have introduced a large number of original Drawings 
and Diagrams, copied for the most part from my Papers 
and Memoirs " On Flight," and other forms of " Animal 
Progression." I have drawn from the same sources 
many of the facts to be found in the present work. My 
best thanks are due to Mr. W. Ballingall, of Edinburgh, 
for the highly artistic and eflective manner in which he 
has engraved the several subjects. The figures, I am 
happy to state, have in no way deteriorated in his 
hands. 



Royal College op Surgeons of Edinburgh, 

July 1873. 



CONTENTS. 



ANIMAL LOCOMOTION. 

INTRODUCTION. 

PAGE 

Motion associated with the life and well-being of animals, 1 

Motion not confined to the animal kingdom ; all matter in 

motion; natural and artificial motion; the locomotive, 

steamboat, etc. A flying machine possible, . . 2 

Weight necessary to flight, ..... 3 

The same laws regulate naturtd and artificial progression, . 4 

Walking, swimming, and flying correlated, ... 5 

Flight the poetry of motion, ..... G 

Flight a more unstable movement than that of walking and 

swimming ; the travelling surfaces and movements of ani- 

mals adapted to the earth, the water, and the air, . 7 

The earth, the water, and the air furnish the fulcra for the levers 

formed by the travelling surfaces of animals, . . 8 

Weight plays an important part in wtdking, swimming, and 

flying, ....... 9 

The extremities of animals in walking act as pendulums, and 

describe figure-of-8 curves, .... 9 

In swimming, the body of the fish is thrown into fignre-of-8 

curves, ....... 10 

The tail of the fish made to vibrate pendulum fashion, • . 11 

The tail of the fish, the wing of the bird, and the extremity of 

the biped and quadruped are screws structurally and 

functionally. They describe figure-of-8 and waved tracks, 12 



VI CONTENTS. 



PAOP 



The body and wing reciprocate in flight ; the body rising when 

the wing is falling, and vice versdt . . .12 

Flight the least fatiguing kind of motion. Atrial creatures not 

stronger than terrestrial ones, . . . .13 

Fins, flippers, and wings form mobile helics or screws, . 14 

Artificial flns, flippers, and wings adapted for navigating the 

water and air, ...... 14 

History of the figure-of-8 theory of walking, swimming, and 

flying, ....... 15 

Priority of discovery on the part of the Author. Admission to 

that effect on the part of Professor Marey, . . 16 

Fundamental axioms. Of uniform motion. Motion uniformly 

varied, ....... 17 

The legs move by the force of gravity. Resistance of fluids. 
Mechanical effects of fluids on animals immersed in them. 
Centre of gravity, . . . . . .18 

The three orders of lever, . . . . .19 

Passive organs of locomotion. Bones, . . . .21 

Joints, . . . . . • . . . 23 

Ligaments. Effects of atmospheric pressure on limbs. Active 
organs of locomotion. Muscles ; their properties, arrange- 
ment, modes of action, etc., . . . .24 

Muscular cycles. Centripetal and centrifugtil movements of 
muscles ; muscular waves. Muscles arranged in longitu- 
dinal, transverse, and oblique spiral lines, . . 25-27 
The bones of the extremities twisted and spiral, . . 28 
Muscles take precedence of bones in animtil movements, . 29 
Oblique spirtil muscles necessary for spiral bones and joints, . 31 
The spiral movements of the spine transferred to the extremi- 

xies, •,•.... oo 

The travelling surfaces of animals variously modified and 

adapted to the media on or in which they move, . . 34-36 



PROGRESSION ON THE LAND. 

Walking of the Quadruped, Biped, etc., . • • 37 

Locomotion of the Horse, . . . . .39 

Locomotion of the Ostrich, . . . . .45 

Locomotion of Man, . . .51 



CONTENTS. vii 



PROGRESSION ON AND IN THE WATER. 

PAOB 

Swimming of the Fish, Whale, Porpoise, etc., . . .66 

Swimming of the Seal, Sea-£ear, and Walrus, . . '. 74 

Swimming of Man, . . . . .78 

Swimming of the Turtle, Triton, Crocodile, etc., . . 89 
Flight under water, ...... 90 

DifPerence between sub-aquatic and aerial Bight, . . 92 

Flight of the Flying-fish ; the kite-like action of the wings, . 98 



PROGRESSION IN OR THROUGH THE AIR. 

The wing a lever of the third order, .... 103 
Weight necessary fco flight, . . . . .110 

Weight contributes to horizontal flight, . . .112 

Weight, momentum and power to a certain extent synonymous 

in flight, . . . . . . .114 

Air-cells in insects and birds not necessary to flight, . .115 

How balancing is effected in flight, . . . .118 

Rapidity of wing movements partly accounted for, . . 120 

The wing area variable and in excess, . . . .124 

The wing area decreases as the size and weight of the volant 

animal increases, . . . . . .132 

Wings, their form, etc. All wings screws, structurally and 

functionally, . . . . .136 

The wing, during its action, reverses its planes, and describes 

a figure-of-8 track in space, . . . .140 

The wing, when advancing with the body, describes a looped 

and waved track, ...... 143 

The margins of the wing, thrown into opposite curves during 

extension and flexion, ..... 146 
The tip of the bat and bird's wing describes an ellipse, . 147 

The wing capable of change of form in all its parts, . . 147 

The wing during its vibration produces a cross pulsation, . 148 
Compound rotation of the wing, . . . .149 

The wing vibrates unequally with reference to a given line, . 150 
Points wherein the screws formed by the wings differ from 

those in common use, . . . . .151 



COSTENTB. 

The wing at all timeH thoroughly under control. 

The natural wing when elevated and depreeaed nraat move for- 

The wing ascends when the body deaceiula, and vke tfrari, 
The wing acta npoo yielding fulcra, . . . ■ 

The wing acta as a true kite tnth dnring tie down and u|i 

Where the bite formed by the wing differs tram tlie hoy's kite, 
The angles formed hy the wing during its vibrationa, . 
Tlie body and winga move in opposite curves, . 



The Wings or iKSBcra, Bats, akd Birsb. 
itig cases and membranouB wings ; their diape and 



The Wings of Bats. 



Tub Wraoa or Bieds. 

The bonee of the wing of the bird ; their articular surfaces, 
luovementB, etc., ...... 

Traces of design in the wing of the bird ; the arrangement of 
the primary, sococdary, and tertiary feathers, etc.. 

The wing of the bird not always opened np to the same extent 
in the up stroke, . . .... 

Flexion of the wing necessary to the flight of birds. 

Consideration of the forces which propel the winga of insects, . 

Speed attained by inaects, ..... 

Consideration of the forces wbiob propel the wings of bats and 

Tax condition of the shoulder-joint in bata and birds. 
The wing fleied and partly elevated by the action of elsstic 
ligaments ; the natare and position of said ligaments 
the Pheasant, Snijie, Created Crane. Swan, etc., . 



190 I 

J 



CONTENTS. IX 

PAGE 

The elastic ligaments more highly differentiated in wings which 

vibrate rapidly, . . . . . .193 

Power of the wing, to what owing, . . . .194 

Reasons why the effective stroke should be delivered down- 
wards and forwards, . .195 
The wing acts as an elevator, propeller, and sustainer, both 

during extension and flexion, . . . .197 

Flight divisible into four kinds, . . . .197 

The flight of the Albatross compared to the movements of a 

compass set upon gimbals, . .199 

The regular and irregular in flight, . . .201 

Mode of ascending, descending, turning, etc., . . .201 

The flight of birds referable to muscular exertion and weight, . 204 
Lifting capacity of birds, ..... 205 



AERONAUTICS. 



The balloon, . . . . . . .210 

The inclined plane, . . . .211 

The atrial screw, ...... 215 

Artificial wings (Borelli's views), . . .219 

Marey's views, . . . . . . .22.) 

Chabrier's views, ...... 233 

Straus-Durckheim*s views, ..... 233 

The Author's views ; his method of constructing and applying 
artificial wings, as contra-distinguished from that of Borelli, 
Ohabrier, Durckheim, and Marey, . . . 235 

The wave wing of the Author, .... 23(5 

How to construct an artificial wave wing on the insect type, . 240 
How to construct a wave wing which shall evade the super- 
imposed air during the up stroke, .... 241 

Compound wave wing of the Author, .... 242 

How to apply artificial wings to the air, . . . 245 

As to the nature of the forces required for propelling artificial 

wings, ....... 246 



X UOHTENTS. 

Necessity for snppljing fhe roota of artificial wings ivitli dostic 
structures in imitatiou at the muacles and elastic lignmeDtB 
□f fl^'ing animals, ...... 

The artificial wave wing can be driven at any speed — it con 
make its own currents or utQize existing ones, 

Uompotind rotation of the artilioial wave wing. The different 
jiarta t)( the wing travel ot different speeds. 

How tlic wave u-ing crea,tes currents and rises cpon tbetu, and 
bow the air assists in elevating the wing, 

The artificial wing propelled at various degrees of spee<l during 
tho down and up strokes, ..... 

TJie otitiL'ial wave wiiig as a ;iropellct, 

A new fonn of aErial screw, ..... 

The aerial wave screw operates upon water, 

The sculling action of the wing, .... 

CoNCLDniNG KEMARKa, ..... 




LIST OF ILLUSTRATIONS. 



The EngTavings are, with few exceptions, from Photographn, Drawings, and 
Designs by Mr. Charles Beijeau and the Author. Such as are not original 
are duly acknowledged. 

PAGE 

Frontispikcb. 

In the clatch of the enemy — {Tlie Graphic). 

The three ordei-s of lever — [Bishop), . . , . 19, 20 

The skeleton of a Deer — {Pander and D^AUon), . . 21 

Muscular cycle in the act of flexing the arm, . . .25 

Screws formed by the bones of the wing of the bird, the bones of 
the anterior extremity of the Elephant, and the cast of the 
interior of the left ventricle of the heart, . . .28 

The muscular system of the Horse — (Bagg), . . .30 

The feet of the Deer, Ornithorhynchus, Otter, Frog, and Seal, . 34 
The Red-throated Dragon, . . . . .35 

The Flying Lemur, ...... 35 

The Bat, ....... 36 

ChiUiugham Bull with extremities describing figm*e-of-8 move- 
ments, ....... 37 

Double waved tracks described by Man in walking, . . 39 

Horse in the act of trotting, . . . .41 

Footprints of the Horse in the walk, trot, and gallop — [Oamgee), 43 
Skeleton of the Ostrich — {DalUu), . . . .47 

Ostriches pursued by a hunter, . . . .48 

Skeleton of Man, ...... 55 

The positions assumed by the extremities and feet in walking, 

— {Weber) ....... 59 

Preparing to run — {Floixman), ..... 62 

The skeleton of a Perch — {Dalku), ... .65 

The Salmon swimming leisurely, . • , .65 

Swimming of the fish according to Borelli, . . . .67 

Swimming of the fish according to the Author, . . 68 



viumiiiig, 



Tbe ForpoiBe and Manatee, 
The Bkeleton ol the Dagniig—iDalUrs), 
Tho Beai, .... 

TheSea-BEar, .... 
The elliptical, looped, and spiral trachs i 
The several attitudes assumed by the 

in tho prone poeitioa, 
Overhaod swimlQing, 
Side awimming, 

Swimming of the Tnrtle anrl Triton, 
Swimming of the Little Pecguiu, 
Snh.aqnatic flight or diving, 
The feet of the Swan oa seen in the open ami cloned condition, 
Tho foot of the Grebe wilh swicoming membrane — (Dallaa), 
Double waved track deaoribed by the feat of swimming birds, 
The Bight of the Flying-figh, .... 
The wiug a lever of the third order, 
Figureof-8 vertical track made by the wing in flight, . 
Do. horizontal track, .... 
Fenthers and cork flying forward, 

Diagram illiutrating how wings obtain their high speed, 
Butterfiy with large wings, .... 
Beetle with small wings, .... 

Partridge with small wings; Hejon with large winga, 
The wings of the Hawk and AlbatroES, . 1 

The Green Plover with one wing fleied and the other extended, 
Blur or impresaion produced on. the e;e by the raiiidly oKcillat- 

ing wing of the insect, .... 
Diagram in which the down and up strokes ot the wing of tli 

insect are Bnalyseil, .... 

Diagrams illustrating the looped and waved tracks described 

by tlie wing of the insect, bat, and bird. 
Figures showing the positions Msumed by the wing of the bird 

dnriDg the up and down strokes (side view). 
The poMtiona assumed by the wing of the insect as it haateni 

til and fro and di'scribea a ngnro-of-S track, 
The figure-of-S curves made by the vring of the bird in flesioi 

The long and short axes of the wiug, . 

The waved tracks desarihed by the wing and body of the bin 
as they alternately rise and fall, . . . '. 



^Bi^a^ 




LIST OF ILLUSTKATIONS. 



Xlll 

PAGE 



The positions assitmed by the wing of the bird daring the 

down and up strokes (front view), . . . 158 

Analysis of the movements of the wing, . . 160, 161 

The kite-like action and waved movements of the wing, . 166 

The Centaur Beetle and Water Bug, . . .171 

The Dragon Fly, . . . . . .172 

The screws formed by the wing of the insect, bat, and bird, 174, 175, 176 
The muscles, elastic ligaments, and feathers of the wing of the 

bird, ....... 181 

The flight of the King-fisher, ..... 183 

The flight of the Gull, . . . . . .186 

The flight of the Owl, ...... 198 

The flight of the Albatross, . . . . .200 

Pigeon and Duck alighting, .... 203,204 

Hawk and quarry — {The Graphic) y . . . . 206 

The Vauxhall Balloon of Mr. Green, . . . .208 

Mr. Henson*s Flying Machine, ..... 212 

Mr. Stringfellow's Flying Machine, . . . .213 

Sir George Cayley*s Flying Apparatus, . . .215 

Flying Machine designed by De la Landelle, . . .217 

BoreUi's Artificial Bird, 220 

Diagrams illustrating the true and false action of the wing, . 228 
The sculling action of the wing as seen in the bird, . .231 

The artificial wave wing of the Author, . . . 237 

Do. do. with driving apparatus, . . 239 

Various forms of artificial wings by the Author, . .241 

The compound wave wing of the Author, . . . 243 

Diagrams illustrative of artificial wing movements, . . 250 

Diagram illustrating the currents produced by the movements 

of artificial wings, ...... 253 

The atrial wave screw of the Author, .... 256 

Swallow in pursuit of insects, ..... 260 




ANIMAL LOCOMOTION. 



AKIMAL LOCOMOTION. 



INTRODUCTION. 

The locomotion of animals, as exemplified in walking swin]- 

ming, and flying, is a subject of permanent interest to all 

who seek to trace in the creature proofs of beneficence and 

design in the Creator. All animals, however insignifieant, have 

a mission to perform — a destiny to fiilfil; and their manner of 

doing it cannot be a matter of indifference, even to a careless 

observer. The most exquisite form loses much of its grace 

if bereft of motion, and the most ungainly animal conceals its 

want of symmetry in the co-adaptatiou and exercise of its 

Beveral pajts. The rigidity and stillness of deatli alone are 

unnatural. So long as things " live, move, and have a being," 

they are agreeable objects in the landscape. They are part 

and parcel of the great problem of life, and as we are all 

hastening towards a common goal, it is but natural we should 

J take an interest in the movements of our fellow-travellers. 

■ As the locomotion of animals is intimately associated with 

l.liheir habits and modes of life, a wide field is opened up, ' 

■teeming with incident, instruction, and amusement. No one 

see a bee steering its course with admirable precision from 

I flower to flower in search of nectar; or a swallow darting 

Ijike a flash of hght along the lanes in pursuit of insects; or 

la wolf panting in breathless haste after a deer; or a dolphin 

I lolling like a mill-wheel after a shoal of flying fish, without 

rfeeling his interest keenly awakened. 



ASIMAL LOCOMOTIOIT. 

Nor is this love of motion confined to the animal kingdom. 
We admire a eafitract more than a canal ; the sea is grander 
in a hurricane tliaii in a calm ; and tlie fleecy clouds which 
constantly flit overhead are more agreeable to the eye than 
a horizon of tranquil blue, however deep and beautiful. We 
never tire of sunshine and shadow when together : we readily 
tire of either by itself. Inorganic changes and movements 
are scarcely less interesting than organic ones. The disaifected 
growl of the thunder, and the ghastly lightning flash, scorching 
and withering whatever it touches, forcibly remind us that 
everything above, below, and around is in motion. Of ab- 
solute rest, as Mr. Grove eloquently puts it, nature gives us 
no evidence. All matter, whether living or dead, whether 
solid, liquid, or gaseous, is constantly chan^ng form : in other 
words, is constantly moving. It is well it is so ; for those 
incessant changes in inorganic matter and living organisms 
introduce that fascinating variety which pjills not upon the 
eye, the ear, the touch, the taste, or the smell. If an absolute 
repose everywhere prevailed, and plants and animals ceased to 
grow ; if day ceased to alternate with night and the fountains 
were dried up or frozen; if the shadows refused to creep, the air 
and rocks to reverberate, the clouds to drift, and the great race 
of created beings to move, the world would be no fitting habi- 
tation for man. In change ho finds his present solace and 
future hope. The great panorama of life is interesting be- 
cause it moves. One change involves another, and every- 
thing which co-exists, co-depends. This co-existence and 
inter-dependence causes us not only to study ourselves, but 
everything around us. By discovering natural laws we are 
permitted in God's good providence to harness and yoke 
natural powers, and already the giant Steam drags along at 
incredible speed the rumbling car and swiftly gliding boat ; 
the quadrupeti has been literally outraced on the land, and the 
fish in the sea ; each has been, so to speak, beaten in its own 
domain. That the tramway of the air may and will be tra- 
versed by man's iugenmty at some period or other, is, reasoning 
from analogy and the nature of things, equally certain. If 
there were no flying things — if there were no insects, bata, 
or birds as models, artificial flight {such are the difficulties 
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attending its realisation) might well be regarded an iini»ossi- 
bility. As, however, the flying creatures are legion, both as 
regards number, size, and pattern, and us the bodies of all are 
not only manifestly heavier than the air, but are composed 
of hard and soft parts, Bimilar iji all respects to those com- 
posing the bodies of the other members of the animal kingdom, 
ve are challenged to imitate the movements of the insect, bat, 
and bird in the air, as we have already imitated the move- 
ments of the quadruped on the land and the fish in the water. 
We have made two successful steps, and have only to make 
a third to complete that wonderfully perfect and very com- 
prehensive system of locomotion which we behold in nature. 
Until this third step is taken, our artificial appliances for 
transit can only be considered imperfect and partial. Those 
authors who regard artificial flight as impracticable sagely 
remark that the land supports the quadi'uped and the water thi 

I fish. This is quite true, but it is equally true that the air sup- 
ports the bird, and that the evolutions of the bird on the wing 
are quite as safe and infinitely more rapid and beautiful than the 
movements of either the quadruped on the land or the fish in 
the water. What, in fact, secures the position of the quadruped 
on the land, the fish in the water, and the bird in the air, is 
the life ; and by this I mean that prime moving or self-govern- 
ing power which co-ordinates the movements of the travdling 
em-faces (whether feet, fins, or wings) of all animals, and adapts 
them to the medium on which they are destined to operate, 
whether this be the comparatively unyielding earth, the mobile 

, water, or the still more mobile air. Take away this life suddenly 
— the quadruped falls downwards, the fish (if it be not speci- 
ally provided with a swimming bladder) sinks, and the bird 
gravitates of necessity. There is a sudden subsiiling and ces- 
sation of motion in either case, but the quadruped and fish have 
no advantage over the bird in this respect. The savans who 

I oppose this view exclaim not unnaturally that there is no 
great difiiculty in propelling a machine either along the land 

I or the water, seeing that both these media support it. There 

I is, I admit, no great difficulty now, hut there were apparently 
insuperable difficulties before the locomotive and steam-boat 
weie ii. vented. ^et^Ai, moreover, instead of being a barrier to 
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artificial flight is absolutely necessary to it. This statement 
is quite opposed to the commoiily received opinion, but is 
nevertheleEB true. No bird is lighter than the air, and no 
machine constracted to navigate it shouI<l aim at being specifi- 
cally lighter. What is wanted is a reasonable but not cvimbroui 
amount of weight, and a duplicate (in principle if not in prac- 
tice) of those structures and movements which enable insects, 
bats, and birds to fly. Until the structure and uses of wings 
are understood, the way of " an eagle in the air " must of ne- 
cessity remain a mystery. The subject of flight has never, 
until quite recently, been investigated systematically or 
rationally, and, as a result, very little is known of the laws 
which regulate it. If these laws were understood, and we 
were in possession of trustworthy data for our guidance in 
devising artificial pinions, the formidable Gordun knot of 
flight, there is reason to believe, could be readiiy untied. 

That artificial flight is a possible thing is proved Iieyond 
doubt — 1st, by the fact that flight is a natural movement ; 
and 2rf, because the natural movements of walking and swim- 
ming have already been successfully imitated. 

The very obvious bearing which natural movements have 
upon artificial ones, and the relation which exists between 
organic and inorganic movements, invest our subject with a 
peculiar interest 

It is the blending of natural and artificial progression in 
theory and practice which gives to the one and the other its 
chief charm. The history of artificial progression is essen- 
tially that of natural progression. The saute laws regulate 
and determine lioth. The wheel of the locomotive and the 
screw of tiia steam-ship apparently gi'eatly diff'er from the 
limb of the quadruped, the fin of the fish, and the wing of 
the bird ; but, aa I shall show in the sequel, the curves which 
go to form the wheel and the screw are found in the travelling 
surfaces of all animals, whether they be limbs (furnished witli 
feet), or fins, or wings. 

It is a remarkable circumstance that the undulation or 
wave made by the wing of an insect, bat, or bird, when those 
animals are fixed or hovering before an object, and when they 
are flying, corresponds in a marked manner with the track 
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described by the stationary and progressive waves in fluids, 
and likewise with the waves of sound. This coincidence 
would seem to argue an intimate relation between the instru- 
ment and the medium on which it is destined to operate — 
the wing acting in those very curves into which the atmo- 
sphere is naturaUy thrown in the transmission of sound. Can 
it be that the animate and inanimate world reciprocate, and 
that animal bodies are made to impress the inanimate in pre- 
cisely the same manner as the inanimate impress each otherl 
This much seems certain : — The wind communicates to the 
water similar impulses to those communicated to it by the 
fish in Bwiinming ; and the wing in ita vibrations impinges 
upon the air as an ordinary sound does. The extremities of 
quadrupeds, moreover, describe waved tracks on the land 
when walking and r unn ing ; so that one great law apparently 
determines the course of the insect in the air, the hsh in the 
water, and the quadruped on the laud. 

We are, unfortunately, not taught to regard the travelling 
surfaces and movements of animals as correlated in any 
■way to surrounding media, and, as a consequence, are apt 
to consider walking as distinct from swimming, and walk- 
ing and swimming as distinct from flying, than which there 
can be no greater mistake. Walking, swimming, and flying 
are in reality only modifications of each other. Walk- 
ing merges into swimming, and swimming into flying, by 
insensible gradations. The modifications which result in 
walking, swimming, and flying are necessitated by the fact 
that the earth aifords a greater amount of support than the 
water, and the water than the air. 

That walking, swimming, and flying represent integral 
parts of the same problem is proved by the fact that most 
quadrupeds swim as well as walk, and some even fly; while 
many marine animals walk as well as swim, and birds and 
insects walk, swim, and fly indiscriminately. When the land 
animals, properly so called, are in tlie hahit of taking to the 
water or the air; or the inhabitants of the water are constantly 
taking to the land or the air ; or the insects and birds which 
are more pecuKai-Iy organized for flight, spend much of their 
time on the land and in the water; their organs of locorao- 
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tion Tnu3t possess those peculiarities of atructiire which charac- 
terize, as a class, those animals wLidi live on the knii, in 
the water, or in the air respectively. 

In this we have an explanation of the gossamer wing of 
the insect, — the curiously modified hand of the bat and bird, 
— the webbed hands and feet of the Otter, Omithorhj-nchus, 
Seal, and WahTis.^the expanded tail of the Whale, Porpoise, 
Diigong, and Manatee, — the feet of the Ostrich, Apteryx, and 
Dodo, exclusively designed for running, — the feet of the 
Ducks, Gulls, and Petrels, specially adapted for swimming, — 
and the wings and feet of the Penguins, Auks, and Guille- 
mots, especially desigoed for diving. Other and intennediat« 
modifications occur in the Flying-fish, Flying Lizard, and 
Fl3Tng Squirrel; and some animals, as the Frog, Newt, and 
several of the aquatic insects (the I^hemera or May-fly for 
example*) which begin their career by swimming, come 
ultimately to walk, leap, and even fly.* 

Every degree and variety of motion, which is peculiar to 
the land, and to the water- and air-navigatbg animals as such, 
is imitated by others wliich take to the elements in question 
secondarily or at intervals. 

Of all animal movements, flight is indisputably the finest. 
It may be regai-ded as the poetry of motion. The fact that 
a creature as Jieavy, bulk for bulk, as many solid substances, 
can by the unaided movements of its wings urge itself through 

1 TLe Eptiemerie in the lorra null pupa state reside id the water concealed 
dnring the day under stcines or in horizontal tmrmwa wljich they form in the 
Imiiks. Althongh reieinhling the perfect insect in several reipects, Lhef differ 
ninlerinll; In having longer antennie, in wanting ocelli, ami in poASBssinj; 
horn-like niuudililea ; the abdonieii has, moreover, on encli side a row of 
I'lateH, iDOStljr in pairs, which are a kind of falBO bnineliite, nnd which are 
euiployed iiut only in respirntioo, but atw as paUdto. — Cutler's Animal 
Kiugiloni, II. .'J7d, JjondoH, 1840. 

' Kirhy niid Sponce oUserve that soma insects which are not mvtnrally 
niinatic, ilo, iievertllEloss, swim vtrj well if they fall into tha water. They 
InatonCL- n kind of gmaalioppcr {ABryiliuia), which can paddle iteelf across a 
atreniti willi gnat mpldity by tlia powerful strokes of ltd hind legs.— (Intro- 
dnetion to Kntoniolngy, 6th eilit., 182B, p. 880.) Nor should the remarkable 
djiipowiy by S5ir John l.nlilwtk of a swinimiiig iiiseot (Pnlj/iitiiia natani), 
whWi uses its wiu3» ctrfiisi'mly a* fiat, ha overlooked.— IJnn. Trans, vol. 
xxir. t'- 135. 
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cauiioti-ball, fills the 
wouUer. Fliglit (if 1 uiay be allowed, the exprea- 
bIou) is a more unstable movement thau that of walking 
and u^vinuning ; the instability increasing aa the medium to 
be traversed becomes less dense. It, however, does not 
differ I'lTjm the other two, and I shall be able to 
ahow ill the following pages, that the materials and forces 

iployed in flight are literally the same as those employed 
ill walldug and swimming. This is an encouraging circum- 
stance as far as artificial flight is concerned, as the same ele- 
ments and forces employed in constructing locomotives and 
steamboats may, and probably will at no distant period, 
employed in constructing ilying machines. 
Flight is a purely mechanical problem. It is warped in and 
out with the other animal movements, and forms a link of a 
great chain of motion which drags its weary length over the 
land, through the water, and, notwithstanding its weight, 
through the air. To understand flight, it is necessaiy to 
understand walking and swimming, and it is with a view to 
eiraplifying our conceptions of this most delightful form of 
locomotion that the present work is mainly written. The 
chapters on walking and swimming naturally lead up to those 
on flying. 

In the aniraal kingdom tbe movements are adapted either 
to the land, the water, or the air ; these constituting the three 
great highways of nature. As a result, the instruments by 
which locomotion is effected are specially modified. This ia 
necessary because of the different densities and the different 
of resistance fumiabed by the land, water, and air 
respectively. On the laud the extremities of animals en- 
counter the maaAmum of resistance, and occasion the minimum 
oi displacmient. In the air, the pinions experience the mmi- 
flium of resistance, and effect the maximum of displacement; the 
■water being intermediate both as regards the degree of 
resistance ofiered and the amount of displacement produced. 
The speed of an animal is determined by its shape, mass, 
power, and the density of tlie medium on or in wJiich it 
moves. It is more difficult to walk on sand or snow than on 
a macadamized road. In like manner (unless the travelling 



surfacea are Bpecially modifiei:!), it is more troiiblt^somG to 
6wim than to walk, and to fly tlmn to swim. This arises from 
the displacement produced, Eind the consequent want of sup- 
port. The land siippHes the fiilcrura for the Jevers formed 
by the estremitiea or travelling surfaces of animals with 
terrestrial habits; the water furnishes the fulcrum for the 
levers formed by the tail and fins of fishes, sea mnmmals, 
etc.; and the air the fulcrum for the levers formed by the 
wings of insects, hats, and birds. The fulcnim supplied by 
the land is immovable ; that supplied by the water and air 
movable. The mobility and immobility of the fulcrum con- 
stitute the principal diifurence between walking, swimming, 
and flying; the travelling Burfaces of ariimals increasing in 
size as the medium to be traversed becomes leas dense and 
the fulcrum more movable. Thus terrestrial animals have 
smaller travelling sur&Jies than amphibia, amphibia than fishes, 
and fishes than insects, bats, and birds. Another point to be 
studied in connexion with imyielding and yielding fulcra, is 
the resistance offered to forward motion, A land animal is 
supported by the earth, and experiences little resistance from 
the air through which it moves, unless the speed attained is 
high. Its principal friction is that occasioned by the contact 
of its travelling surfaces with the earth. If these are few, the 
speed is generally great, as in quadrupeds. A fish, or sea mam- 
mal, is of nearly the same specific gravity as the water it in- 
habits ; in other words, it is supported with as little or less effort 
than a land animal. As, however, the fluid in which it moves 
is more dense than air, the resistance it exiieriences in forward 
motion is greater than that expeiienced by land animals, and 
by insects, bats, and birds. Aa a consequence fishes are for 
the most part elliptical in shape ; this being the form calcu- 
lated to cleave the water with the greatest ease. A flying 
animivl is immensely heavier than the air. The support 
which it receives, and the resistance experienced by it 
in forward motion, are reduced to a minimum. Flight, 
because of the rarity of the air, is infinitely more rapid than 
either walking, running, or swimming. The flying aJiimal 
receives support from the air by increasing the size of its 
travelling surfaces, which act after the manner of twisted 
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fnclinod planes or kites. When an insect, a bat, or a bird 
is launched in space, its weight (from the tendency of all 
bodies to fall vertically downwards) presses upon the inclined 
planes or kites formed by the wings in such a maniioT as 
to become converted directly into a propelling, and indirectly 
into a biwying or supporting power. This can be proved by 
experimejit, as I shall show subsequently. But for the share 
■which the weight or mass of the flying creature takes in flight, 
the protracted journeys of birds of passage would be impos- 
Bible. Some authorities are of opinion that birds even sleep 
upon the wing. Certain it is that the albatross, that prince 
of the feathered tribe, can sail about for a whole hour without 
once flapping his pinions. Tiiis can only be done in virtue 
of the weight of the bird acting upon the inclined planes or 
kites formed by the wines as stated. 

The weight of the body plays an important part in walking 
and swimming, as well as in flying, A biped which advances 
by steps and not by leaps may be said to roll over its extre- 
raities,* the foot of the extremity whieli happens to be upon 
the ground for the time forming the centre of a circle, the 
radius of which is described by the trunk in forward motion. 
In like manner tbe foot which is off the ground and swinging 
forward pendulum fashion in space, may be said to roll or 
rotate upon the trunk, the head of the femur forming the 
centre of a circle the radius of which is described by the ad- 
vancing foot. A double rolling movement is thus established, 
the body roDing on the extremity the one instant, the extre- 
mity rolling on the trunk the next. During these movements 
the body rises and falls. The double rolling movement is 
necessary not only to the progression of bipeds, but also to 
that of quadrupeds. As the body cannot advance without 
the extremities, so the extremities cannot advance without 
the body. The double rolling movement is necessary to con- 
tinuity of motion. If there was only one movement there 
would be dead points or halts in walking and running, similar 
to what occur in leaping. The continuity of movement neces- 
Bary to progression in some bipeds (man for instance) is fur- 
10 true of qundnipeds. It is the posterior pnrt of the feet 
trMob ia set down Srst. 




ther secored by a peDdulum movement in the arms as well as 
in the legs, the right arm swingiag before the body whsu the 
right leg swings behind it, and the converse. The right leg 
and left arm lulvance simultaneously, and alternate with the 
left leg and right arm, which likewise advance together. This 
gives rise to a double twisting of the body at the sbonldere 
and loins. The legs and arms when advancing move iu 
curves, the convexities of the curves made by the right leg 
and left arm, which advance together when a step is being 
made, being directed outwards, and forming, when placed 
together, a more or less aymmetrical ellipse. If the curves 
formed by the legs and arms respectively he united, they 
form waved lines which intersect at every step. This arises 
from the fact that the curves formed by the right and lefb 
legs are found alternately on either side of a given line, the 
same holding true of the right and left anns. Walking is 
consequently to be regarded as the result of a twisting diagonal 
movement in the trunk and in the extremities. Without this 
movement, the momentum acquired by the different portions 
of the moving mass could not be utilized. As the momentum 
acquired by animals in walking, swimming, and flying forms 
an important factor in those movements, it is necessaty that 
we should have a just conception of the value to be attached 
to weight when in motion. In the horse when walking, the 
stride is something like five feet, in trotting ten feet, but iu 
galloping eighteen or more feet. The stride is in fact deter- 
mined by the speed acquired by the mass of the body of the 
horse ; tlie momentum at which the mass is moving carry- 
ing the limbs forward.^ 

In the swimming of the fish, the body is thrown into double 
or fignre-of- 8 curves, as in the walking of the biped. The twist- 
ing of the body, and the continuity of movement which that 
twisting begets, reappear. The curves formed in tlie swimming 

' " According to Sainliel!, t)ie celebratad home Ealjpae, when galloping^ 
liberty, and vith Its grcateat apceil, pus9«l uvor the apiie« of twenty-lira het 
at ench strid*, which ha rBjUBitea 24 times in a iwi:o[nl, being nenrijr tour 
miles In six minutes and two eeconda. The race-liorse Flying Childen tru 
coniiinted to hnv« pnssud over eiglity-tivo Teet and a hoif in a Buuoad, or usarly 
a mile In a nuniitn." 
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of the fish are never less than two, n, caudal and a cephalic one. 

They may and do exceed this number m the long-bodied fishes. 

The tail of the fish ia made to vibrato peDdulum fashion on 

I either side of the spine, when it ia lashed to and fro in the 

I act of swimming. It is made to rotate upon one or more of 

the I'ertebrEe of the spine, the vertebra or vertebrte forming 

the centre of a lemniscate, which is described by the caudal 

fin. There is, therefore, an obvious analogy between the tail 

of the fish and the extremity of the biped. This is proved by 

the conformation and swimming of the seal,- — an animal in 

which the posterior estremitiea are modified to resemble the 

tail of the fish. In the swimming of the seal the bind legs are 

applied to the water by a sculling figure-of-8 motion, in the 

same manner as the tiul of the fish. Similar remarlu might 

be made with regard to the swimming of the whale, dugong, 

manatee, and porpoise, sea maiomals, which still more closely 

resemble the fish in shape. The double curve into which the 

fiah throws its body in swimming, and which gives continuity 

of motion, also supplies the requisite degree of steadiness. 

I When the tail is lashed from aide to side there is a tendency 

I to produce a corresponding movement in the head, which 

I is at once corrected by the complementary curve. Nor is 

I this all ; the cephalic curve, in conjunction witJi the water 

I contained witbin it, forms the point d'appui for the caudal 

^e, and vice iwsa. When a fish swims, the anterior and 

I posterior portions of its body (supposing it to be a short- 

1 bodied fish) form cnr\'es, the convexities of which are 

I directed on opposite sides of a given line, as is the case 

1 the extremities of the biped when walking. The mass 

f the fish, like the mass of the biped, when once set in 

I motion, contributes to progression by augmenting the rate 

•of speed. The velocity acquired by certain fishes is very 

great. A shark can gambol around the bows of a ship in 

full sail ; and a sword-fish (such is the momentum acquired 

by it) has been known to thrust its tusk through the copper 

i' sheathing of a vessel, a layer of felt, four inches of deal, and 

^B fourteen inches of oaken plank.^ 

^H The wing of the bird does not materially dlff'er from the 
^^B 1 A portion of tlie timbers, etc., ot one ol' Her Majesty's sLips, bnviog tlia 



extremity of the biped or the tail of the fish. It is con- 
structed on a similar plan, and acts on the same principle. 
The taU of the fish, the wing of the bird, and the extremity 
of the biped and quadruped, are screwa structurally and 
functionally. In proof of tliis, compare tlie bones of the wing 
of ft bird with the bones of the arm of a man, or those of the 
fore-leg of an elephant, or any other quadruped. In either 
case the bones are twisted upon themselves like the screw of 
an augur. The tail of the fish, the extremities of the biped and 
qnadrujied, and the wing of the bird, when moving, describe 
waved tracks. Thus the wing of the bird, when it is made 
to oscillate, is thrown into double or figure-of-8 curves, like 
the body of the fish. When, moreover, the wing aacends and 
descends to make the up and down strokes, it rotates within 
the facetles or depressions situated on the scapula and coracold 
bones, precisely in the same way that the arm of a man rotates 
in the glenoid cavity, or the leg in the acetabular cavity in 
the act of walking. The ascent and descent of the wing in 
flying correspond to the steps made by the extremities in 
walking ; the wing rotating upon the body of the bird during 
the down stroke, the body of the bird rotating on the wing 
during the up stroke. When the wing descends it describes 
a downward and forward curve, and elevates the body in an 
upward and forward curve. When the body descends, it 
describes a downward and forward curve, the wing being 
elevated in an upward and forward curve. The curves 
made by the wing and body in flight form, when united, 
waved lines, which intersect each other at every beat of 
the wing. The wing and the body act upon each other 
alternatdy (the one being active when the other is passive), 
and the descent of the wing is not more necessary to the 
elevation of the body than the descent of the body is to 
the elevation of the wing. It is thus that the weight of the 
flying animal is utilized, slip avoided, and continuity of move- 
ment secured. 

Aa to the actual waste of tissue involved in walking, swim- 
ming, and flying, there is much discrepancy of opinion. It is 
tiis)t of B Bw^^1-<ish inibudiJsil in it, is to be seeu in the Iluntert.iii Museum 
of tbe Royal College of burgeooB of Eagland. 
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commonly believed that a bird exerts quite an enormous 
amount of power as compared with a fish ; a fish exerting a 
much greater power than a land animal. This, there can be 
no doubt, is a popular delusion. A bird can fly for a whole 
day, a fish can swim for a whole day, and a man can walk 
for a whole day. If bo, the bird requires no greater power 
than the fish, and the fish than the man. The speed of the 
bird as compared with that of the fish, or the speed of the 
fish as compared with that of the man, is no criterion of the 
power esei-ted. The speed is only partly traceable to the 
power. As has just been stated, it is due in a principal 
measure to the shape and size of the travelling sutfaces, the 
density of the medium traversed, the resistance experienced 
to forward motion, and the part performed by the mass 
of the animal, when moving and acting upon its travel- 
ling surfaces. It is erroneous to suppose that a bird is 
I stronger, weight for weight, tlian a fish, or a fish than a 
I man. It is equally erroneous to assume that the exer- 
I lions of a flying animal are herculean as compared with 
)f a walking or swimming animal. Observation and 
I experunent incline nie to believe just the opposite. A flying 
I creature, when fairly launched in space (because of the part 
L Trhich weight plays in flight, and the little resistMice expe- 
I rienced in forward motion), sweeps through the air with 
I almost no exertion.^ This is proved by the sailing flight of 
I the albatross, and by the fact that some insects can fly when 
I two-thirds of their wing area have been removed. (This ex- 
J periment is detailed further on.) These observations are 
I calculated to show the grave necessity for studying the media 
I to be traversed; the fulcra which the media furnish, and the 
ttaze, shape, and movements of the travelling surfaces. The 
celling Burfaues of animals, as has been already explained, 
fiimish the levers by whose instrumentality tlie movements 
lof walking, swimming, and flying are eU'ected. 

1 A flying cresturo eierta ita Rrenteat power wlien rising. Thfl effort is of 

lit iltmtion, nnd InsognrateB mtlier than perpetuates flight. If tlia Volant 

ojinal can lumch into apace from a height, the prelim iiinry efTort niny be 

Itapensed with ut in this cnse, the weight of the animal opting upon the 

^clioed plauoa Conned by tbe winga geti up the initia! vetocit]'. 
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By comparing the flipper of the seal, sea-bear, and walrus 
with the fin and tail of the fish, whale, porpoise, etc.; and 
the wing of the penguin (a bird which is incapable of flight, 
and can only Bwim and dive) with the wing of the insect, 
bat, and bird, I have been able to show that a close analogy 
exists between the flippers, fins, and tails of sea mamtnals 
and fishes on the one hand, and the wings of insects, bata, 
and birds on the other ; in fact, that theoreticaliy and prac- 
tically these organs, one and all, form flexible helices or 
Bcrewa, which, in virtue of their rapid reciprocating move- 
ments, operate upon the water and air by a wedge-action after 
the manner of twisted or double inclined planes. The twisted 
inclined planes act upon the air and water by means of 
curved surfaces, the curved surfaces reversing, reciprocating, 
and engendering a wave pressure, which can be continued 
indefinitely at the will of the animaL The wave pressure 
emanates in the one instance mainly from the tail of the flsh, 
whale, porpoise, etc, and in the other from the wing of the 
insect, bat, or bird— ihe reciprocating ami opposite cwivts into 
which the tad and wing are thrown in swimming and flying 
constituting ths mobile lieliixs, or ser&ws, which, during their 
action, produce the precise kind and degree of pressure 
adapted to fluid media, and to which they respond with the 



In order to prove that sea mammals and fishes swim, and 
insects, bats, and birds fly, by the aid of curved figure-of-8 
surfaces, which exert an intermittent wave pressure, I con 
structed artificial fish-tails, fins, flippers, and wings, which 
curve and taper in every direction, and which are flexible 
and elastic, particularly towards the tips and posterior mar^ 
gins. These artificial fish-tails, fins, flippers, and wings are 
slightly twisted upon themselves, and when applied to the 
water and air by a sculling or £gure-of-8 motion, curiously 
enough reproduce the curved surfaces and movements peculiar 
to real fish-tails, fins, flippers, and wings, in swimming, and 
flying. 

Propellers formed on the fish-tail and wing model are, I 
find, the most effective that can be devised, whether iVr 
navigating the water or the air. To operate efficiently on 
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I fliiii], i.e. yielding media, tiio propeller itself must yield. Of 
I thia I am fully satisfied from observation and experiment, 
I The propellers at present employed in navigation are, in my 
I opinion, faulty both in principle and application. 

The observations and azperiments recorded in the present 

I Tolume date from 1864, In 1867 I lectured on the subject of 

I animal mechanics at the Eoyal Institution of Great Britain : ^ 

in June of the same year (1S67) I read a memoir " On the 

Mechanism of Flight" to the Linuean Society of London j^ 

and in August of 1870 I communicated a memoir " On the 

Physiology of Wings" to the Eoyal Society of Edinburgh.' 

These memoirs extend to 200 pages quarto, and are iUus- 

I trated by 100 original drawings. The conclusions at which 

I I arrived, after a careful study of the movements of walking, 

I swimming, and flying, ore briefly set forth in a letter addressed 

■ to the rrench Academy of Sciences in March 1870, Thia 

I the Academy did me the honour of publishing in April of 

I that year (1870) in the Comptes Eondus, p. 875, In it I 

I claim to have been the Grst to describe and illustrate the 

I following points, viz. ; — 

That quaUnipeda walk, and flshea swim, and insects, bats, 
f and birds fly by figure-of-8 movements. 

That the flipper of the sea bear, the swimming wing of the 
I penguin, and the wing of the insect, bat, and bird, are screws 
I Btmctural!;/, and resemble the blade of an ordinary screw- 
I propeller. 

That those organs are screws ftindimmlhj, from their twist- 
I ing and untwisting, and from their rotating in the direction 
I of their length, when they are made to oscillate. 

That they have a reciprocating action, and reverse their 
I planea more or less completely at every stroke. 

That the wing describes a Jigure-of-8 track in space when 
I the flying animal is artificially fixed. 

That the wing, when the flying animal is progressing at 

' " On lie TarioDs modsa of Flight in relation to Aiirpnantics."— Procaed- 
[ higBoftlieRoyiilliiBtitntioiiofGreatBritain, March 22, 1867. 

~ " On tbe Mechanics] AppliaarsB b; which Flight ia attained in the 
lal Kingdom." — Transactiona of the Linnean Society, vol. xxvl. 
" On the Phyaiology of Wings." — Traniactiona of Ibo Kojal Societj of 
■-SiUnbnigh, vol. xxri. 



a high speed in a horizontal direction, describes a looped 
and then a waved track, from the fact that the figure of 
8 is gradually opened out or unravelled as the animal 
advances. 

That the wing acts after the manner of a kite, both during 
the down and up strokes. 

I was induced to address the above to the French Academy 
from finding that, nearly two years after I had published my 
views on the figure of (i, looped and wave movements made 
by the wing, etc., Professor K J. Marey {College of France, 
Fans) published a course of lectures, in which the peculiar 
figure-of-8 movements, first described and figured by me, 
were put forth as a new discovery. The accuracy of this 
statement will be abundantly evident when I mention 
that my first lecture, " On the various modes of Flight in 
relation to Aeronautics," was published in the Proceedings 
of the Royal Institution of Great Britain on the 22d of 
March 1867, and translated into French (Revue dea cours 
scientiRques de la France et de I'^^tranger) on the 2lBt of 
September 1867; whereas Professor Marey'a first lecture, 
" On the Movements of the Wing in the Insect " (Revue des 
cours scientiUques de la France et de I'^^tranger), did not 
appear until the 13th of February 1869. 

Professor Marey, in a letter addressed to the French 
Academy in reply to mine, admits my claim to priority in 
the following terms : — 

"J'ai constats qu'efl'ectivement M. Pettigrew a vu avant 
moi, et reprfisentii dans son Mfimoire, la forme en 8 du par- 
cours de I'aile de I'inseute : que la m^thode optique h laquelle 
j'avais recours est k peu pris identiqne h, la sienne. . . . Je 
m'empresse de satisfaire k cetto demande legitime, et de laiseer 
enti^rement la priority sur moi k M. Pettigrew relativement 
k la question ainsi reatreinte." — (Comptes Rendus, May IC, 
1870, p. 1093). 

The figure-of-8 theory of walking, swimming, and Rying, 
as originally propounded in the lectures, papers, and memoirs 
referred to, has been confirmed not only by the researches 
and experiments of Professor Marey, but also by those of M; 
Sonocal, M. de Fastes, M. Ciotti, and others. Its accuracy is 
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longer a matter of doubt. As the limits of the present 
volume will not admit of my going into the several arrange- 
ments by whicli locomotion is attained in the animal king- 
dom as a whole, I will only describe those movements which 
Ulnstrate in a progressive manner the several kinds of pro- 
gression on the land, and on and in the water and air, 

I propose first to analyse the aatural movements of walk- 
ing, Bwimming, and flying, after which I hope to be able to 
show that certain of these movements may be reproduced 
artificially. The locomotion of animals depends upon me- 
chanical adaptations found in all animals which change local- 
ity. These adaptations are very various, but under whatever 
guise they appear they are substantially those to which we 
resort when we wish to move bodies artificially. Thus in 

imal mechanics we have to consider the various orders of 
levers, the pulley, the centre of gravity, specific gravity, the 
resistance of solids, semi-solids, fluids, nUi. As the laws which 
regulate the locomotion of animals are essentially those which 
regulate the motion of bodies in general, it will be necessary 
to consider briefly at this stage the properties of matter when 
at rest and when moving. They are well stated by Mr. 
Bishop in a series of propositions which I take the liberty of 
transcribing : — 

" FandaTiiental Aximis. — ^First, every body contiimes in a 
state of rest, or of uniform motion in a right line, until a 
change is effected by the agency of some mechanical force. 
Secondly, any change efiected in the quiescence or motion of 
B body is in the direction of the force impressed, and is pro- 
portional to it in quantity. Thirdly, reaction is always equal 
and contrary to action, or the mutual actions of two bodies 
upon each other are always equal and in opposite directions. 

Of uniform motion. — If a body moves constantly in the 
eame manner, or if it passes over equal spaces in equ^ periods 

" time, its motion is uniform. The velocity of a body moving 
uniformly is measured by the space through which it passes 
in a given time. 

The velocities generated or impressed on different masses 
by the same force are reciprocally as the masses. 
- MoUon unifonniy varied. — When the motion of a body is 



uniformly accelerated, the space it passes through during any 
time whatever is proportional to the square of the time. 

In the leaping, jumping, or apriuging of animals in any 
direction (except the vertical), the paths they describe in 
their transit from one point to another iu the plane of motion 
are parabolic curves. 

The legs move by the force of gravity as a pendulum. — The 
Professor, Weber, have ascertained, that when the legs of 
animals swing forward in progressive motion, they obey the 
same laws as those which regulate the periodic oscillations of 
the pendulum. 

Redstance of flmds. — Animals moving in air aud water 
experience in those media a sensible resistance, which is 
greater or less in proportion to the density aud tenacity of 
the fluid, and the figure, superficies, and velocity of the aaiinal. 

An inquiry into the amount and nature of the resistance 
of air and water to the progression of animals will also furnish 
the data for estimating the proportional values of those fluids 
acting as fulcra to their locomotive organs, whether they be 
fins, wings, or other forms of lever. 

The motions of air and water, and their directions, exer- 
cise very important influences over velocity resulting from 
muscular action. 

Mechanioal effects of jlmds on ammals vnanersed in l/iem. — 
When a body is immersed in any fluid whatever, it will lose 
as much of its weight relatively as is equal to the weight of 
the fluid it displaces. In order to ascertain whether an 
animal will sink or swim, or be sustained without the aid of 
muscular force, or to estimate the amount of force required 
that the animal may either sink or float in water, or fly iii 
the air, it will be necessary to have recourse to the specific 
gravities both of the animal and of tlie fluid in which it is 
placed. 

The specific gravities or comparative weights of different 
substances are the respective weights of equal volumes of 
those substances. 

Centre of gmvity. — The centre of gravity of any body ia 
a point about which, if acted upon only by the force of 
gravity, it will balance itself in all positions; or, it is a point 
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which, if supported, the body will be supported, however it 
may be situated in other respects ; and hence the eifects pro- 
duced by or upon any body are the same as if its whole mass 
were collected into its centre of gravity. 

The attitudes and motions of every animal are regulated 
by the positions of their centres of gravity, which, in a state 
of rest, and not acted upon by extraneous forces, must lie in 
vertical lines which pass through their basis of support. 

In most animals moving on solids, the centre is supported 
by variously adapted organs ; during the flight of birds and 
insects it is suspended ; but in fishes, which move in a fluid 
whose density is nearly equal to their specific gravity, the 
centre is acted upon equally in all directions." ^ 

As the locomotion of the higher animals, to which my 
remarks more particularly apply, is in all cases effected by 
levers which differ in no respect from those employed in tlie 
arts, it may lie useful to allude to them in a passing way. 
This done, I will consider tlie bones and joints of the skeleton 
which form the levers, and the muscles which move them. 

" The Lever. — Levers are commonly divided into three kinds, 
according to the relative positiona of the prop or fulcrum, the 
power, and the resistance or weight. The straight lever of 
each order is equally balanced when the power multiplied by 
its distance from the fulcrum equals the weight, multiplied by 
its distance, or P the power, and "W the weight, are in equi- 
librium when they are to each other in the inverse ratio of 
the arms of the lever, to which they are attached. The 
pressure on the fulcrum however varies. 

A- _ r B 



In straight levers of the Jirs( Hnd, the fulcrum is between 
the power and the resistance, as in fig. 1, where F is 
the fiilcrum of the lever AB ; P is the power, and W the 
weight or resistance. We have P : W : : BF : AF, hence 

' Cjc. of Anat. mid Pliy,, Art. "Motion," 1.y John Bisliofi, Esq. 



P.AP=W.Br, and the pressure on the fulcrum is both the 
power and resistance, or P +W. 

In the second order of levers (fig. 2), the resistance ia be- 
tween the fulcrum and the power ; and, as before, P : W : ; 
BF : AF, but the pressure of the fulcrum is equal tu W— P, 
or the weight lesa the power. 



In the third order of lever the power acta between the piro 
and the resistance (fig. 3), where also P : W : : BF : AF, and the 
pressure on the fiUcrum is P — W, or the power less the weight. 



%^ 



In the preceding computations the weight of the lever 
itself ia neglected for the sake of simplicity, but it obviously 
forma a pait of the elements under consideration, especially 
with reference to the arms and legs of animals. 

To include the weight of the lever we have the following 
equations: P. AF J- AF^.JAF =ff.BF + BF.J BF; in the 
first order, where AT and BF represent the weights of these 
portions of the lever respectively. Similarly, in the second 

AF 

order P. AF =W.BF + AF. — , and in the third order 

P.AF=W.BF + I 



, BF 
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In this outline of the theory of the lever, the forces have 
been considered as acting vertically-, or parjlel to the direc- 
tion of the force of gravity. 

Passive Organs of Locomotion. Bones. — The solid frame 
vork or skeleton of animals which supports and protects theiv 
more delicate tissues, whether chemically composed of entO' 
moline, earbonat«, or phosphate of hme ; whether placed in- 
ternally or externally ; or whatever may be its form or 
dimensionB, presents levers and fulcra for the action of the 
muscular system, in all animals furnished with earthy solids 
for their support, and possessing locomotive power."* The 
levers and fulcra are well seen in the extremities of the deer, 
tiie skeleton of which is selected for its extreme elega 
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ANIMAt tOCOMOTION. 

While the bones of animals form levers and fulcra for portions 
of the muscular system, it must never be forgotten that the 
earth, water, or air form fulcra for the travelling surfaoea of 
animals as a whole. Two seta of fulcra are therefore always 
to be considered, viz. those represented by the bonea, and 
those represented by the earth, water, or air respectively. 
The former when acted upon by the muscles produce motion 
in different parts of the animal (not necessarily progressiva 
motion) ; the latter when similarly influenced produce loco- 
motion. Locomotion is greatly favoured by the tendency 
which the body once set in motion has to advance in a straight 
line. Tbe form, strength, density, and elasticity of the skele- 
ton varies in relation to the bulk and locomotive power of 
the animal, and to the media in which it is destined to move. 

" The number of moveable articulations in a skeleton de- 
termines the degree of its mobihty within itself; and the 
kind and number of the articulations of the locomotive organs 
determine the number and disposition of the muscles acting 
upon them. 

The bones of vertebrated animals, especially those which 
are entirely terrestrial, are much more elastic, hard, and 
calculated by their chemical elements to bear the shocks and 
strains incident to terrestrial progression, than those of the 
aquatic vertebrata ; the bones of the latter being more fibrous 
and spongy in their texture, the skeleton is more soft and 
yielding. 

The bones of the higher orders of animals are conatmcted 
according to the most approved mechanical principles. Thus 
they are convex externally, concave within, and strengthened 
by ridges running across tbeir discs, as in the scapular and 
iliac bonea ; an arrangement which affords large surfaces for 
the attachment of the powerfiil muscles of locomotion. The 
bones of birds in many cases are not filled with marrow but 
with air, — a circumstance which insures that they shall be 
very strong and very light. 

In the thigh bones of most animals an angle is formed by 
the head and neck of the bone with the axis of the body, 
which prevents the weight of the superstructure coming 
vertically upon the shaft, converts the bone into an clastic 
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»rch, and renders it capable of supporting the weight of the 
body in standing, leaping, and in falling &om conaidemble 
altitudes. 

Joijits. — Where the limbs are designed to move to and 
fro Bimply in one plane, the ginglymoid or hinge-joint is ap- 
plied ; and where more extensive motioaB of the limbs are 
requisite, the enarthrodial, or ball-and-socket joint, is intro- 
duced. These two kinds of joints predominate in the locomo- 
tive organs of the animal kingdom. 

The enarthrodial joint has by far the most extensive power 
of motion, and is therefore selected for uniting the limbs to the 
trunk. It permits of the several motions of the limbs termed 
pronation, sapination, flexion, extension, abduction, adduc- 
tion, and revolution upon the axis of the limb or bone about a 
conical area, whose apex is the axis of the head of the bone, 
and base circumscribed by the distal extremity of the limb."^ 

The ginglymoid or hinge-joints are for the most part spiral in 
their nature. They admit in certain cases of a limited degree ol' 
lateral rocking. Much attention has been paid to the subject 
of joints (particularly human ones) by the brothers Weber, 
Professor Meyer of Ziiricb, and likewise by Langer, Henke, 
Meissner, and Goodslr. Langer, Kenke, and Meissner suc- 
ceeded in demonstrating the " screw configuration" of the 
articular surfaces of the elbow, ankle, and calcaneo-astraga- 
loid joints, and Goodsir showed that the articular surface 
of the knee-joint consist of " a double conical screw combina- 
tion." The last-named observer also expressed his belief 
"that articular combinations with opposite windings on 
opposite sides of the body, similar to those in the knee-joint, 
exist in the ankle and tarsal, and in the elbow and carpal 
joints ; and that the hip and shoulder joints consist of single 
threaded couples, but also with opposite windings on oppo- 
site sides of the body." I have succeeded in demonstrating 
a similar spiral configuration in the several bones and joints 
of the wing of the bat and bird, and in the extremities of 
most quadrupeds. The bones of animals, particularly the 
extremities, are, as a rule, twisted levers, and act after the 
manner of screws. This arrangement enables the higher 
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animals to apply their travelling surfaces to the media on 
whith they are destined to operate at any degree of obliquity 
80 aa to obtain a maximum of support or propulsion with a 
minimum of slip. If the travelling eurfacea of animals did 
not form screws structurally aud functionally, they could 
neither seize nor let go the fulcra on which they act with the 
requisite rapidity to secure speed, particularly in wat«r and lur, 

"Ligaments. — The office of the ligaments with respect to 
locomotion, is to restrict the degree of flexion, extension, and 
other motions of the IJmba within definite limits. 

Effect of Atmospheric pressure on Limbs. — Tlie influeuoe of 
atmospheric pressure in supjiorting the limbs was first noticed 
by Dr. Amott, though it has been erroneously ascribed by 
Professor Miiller to Weber. Subsequent experiments made 
by Dr. Todd, Mr. "Wormald, and others, have fully established 
the mechauical influence of the air in keeping the mechanism 
of the joints together. The amount of atmospheric pressure 
on any joint depends upon the area or surface presented to 
its influence, aud the height of the barometer. According to 
Weber, the atmospheric pressure on the hip-joint of a man 
is about 26 lbs. The pressure on the knee-joint is estimated 
by Dr. Arnott at 60 Ibs."^ 

Active organs of Locomotion. Muscles, tlieir Properties, Ar- 
mrtgement, Mode of Action, etc — If time and space bad per- 
mitted, I would have considered it my duty to describe, more 
or less fully, the muscular arrangements of all the animals 
whose movements I propose to analyse. This is the more 
desirable, as the movements exhibited by animals of the 
higher types are directly referable to changes occurring in 
their muscular system. As, however, I could not hope to 
overtake this task within the limits prescribed for the present 
work, I shall content myself by merely stating the properties 
of muscles ; the manner iu which muscles act ; and the man- 
ner in which they are grouped, with a view to moving the 
osseous levers which constitute the bony framework or skele- 
ton of the animals to he considered. Hitherto, and by 
common consent, it has been believed that whereas a flexor 
muscle ia situated on one aspect of a limb, and its cori'espond^ 
' Bisliop, op. eil. 
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F ing extensor on the othsr asjiect, tlieae two muscles must be 
opposed to and antagonize each other. This belief is founded 
on what I regard as an eironeoua assumption, viz., that muscles 
havB only the power of shortening, and that when one 
muscle, say the flexor, shortens, it must drag out and forcibly 
elongate the corresponding extensor, and the converse. This 
would be a mere waste of power. Nature never works 
against herself. There are good grounds for believing, as I 

|_ liave stated elsewhere,^ that there is no such thing as aiitagou- 
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ism in muscular movements ; the several muscles known as 
flexors and extensors ; aMuctors and adductors ; pronators 
and supinators, being simply correlated. Muscles, when they 

Leetnrea on thB Physiology of Iha Ciroulation in Plants, in the Lower 
and in Man."— Edinburgh Medical Jourail fur Jannmy and Feb- 
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act, operate upon bones or something extraneous to thtm- 
selves, and not; upon each other. The muscles are folded 
round the extremities aud trunks of animals with a view to 
operating in masses. For this purpose they are arranged in 
cycles, there being what are equivalent to extensor and flexor 
cycles, abductor and adductor cycles, and pronator and supina- 
tor cycles. Within these muscular cycles the bones, or 
extraneous substances to be moved, are placed, aud when oue 
side of a cycle shortens, the other side elongates. Muscles 
are therefore endowed with a centripetal aud centrifugal 
action. These cycles are placed at every degree of obliquity 
and even at right angles to each other, but they are so dis- 
posed in the bodies and limbs of animals that they always 
operate consentaneously and in harmony. Vide fig. 5, p. 25. 

There are in animals very few simple movements, ie. 
movements occurring in oae plane and produced by the action 
of two muscles. Locomotion is for the most part produced 
by the consentaneous action of a great number of muscles ; 
these or their fibres pursuing a variety of directions. This is 
particularly true of the movements of the extremities in walk- 
ing, swimming, and flying. 

Muscles are divided into the voluntary, the involuntary, and 
the mixed, according as the will of the animal can wholly, 
partly, or in no way control their movements. The voluntary 
muscles are principally concerned in the locomotion of animals. 
They are the power which moves the several orders of levers 
into which the skeleton of an animal resolves itself. 

The movements of the voluntary and involuntary muscles 
are essentially wave-like in character, i.e. they spread from 
certain centres, according to a fixed order, and in given direc- 
tions. In the extremities of animals the centripetal or con- 
verging muscular wave on one side of the bone to be moved, 
is accompanied by a corresponding centrifugal or diverging 
wave on the other side ; the bone or bones by this arrangement 
being perfectly under control and moved to a hair's-hreadth. 
The centripetal or converging, and the centrifugal or diverging 
waves of force are, as already indicated, correlated.' Similar 
remarks may be made regarding the difierent parts of the body 

I Jfasclea virtviallj- poaaeBH a pnllidg and piisliing power; the puahinj 
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of the serpent when creeping, of the body of the fish when 
swimming, of the wing of the bird when flying, and of our own 
extremities when walking. In all those cases the moving 
parts are thrown into curves or waves definitely correlated. 

It may be broadly stated, that in every case locomotion is 
the result of the opening and closing of opposite sides of 
muscular cycles. By the closing or shortening, say of the 
flexor halves of the cycles, and the opening or elongation of 
the extensor halves, the angles formeii by the osseous levers 
are diminished ; by the closing or shortening of the extensor 
halves of the cycles, and the opening or elongation of the 
flexor halves, the angles formed by the osseous levers are 
increased. This alternate diminution and increase of the 
angles formed by the osseous levers produce the movements 
of walking, swimming, and flying. The muscular cycles of 
the trunk and extremities are so disposed with regard to the 
bones or osseous levers, that they in every case produce a 
maximum result with a minimum of power. The origins 
and insertions of the muscles, the direction of the muscles and 
the distribution of the muscular fibres insure, that if power 
is lost in moving a lever, speed is gained, there being an 
apparent but never a real loss. The variety and extent of 
movement is secured by the obliquity of the muscular fibres 
to their tendons ; by the obliquity of the tendons to the bones 
they are to move ; and by the proximity of the attachment 
of the muscles to the several joints. As muscles are capable 
of shortening and elongating nearly a fourth of their length, 
they readily produce the precise kind and degree of motion 
required in any particular case.^ 

The force of muscles, according to tlie experiments of 
Schwann, increases with their length, and vice versa. It is a 
curious circumstance, and worthy the attention of those in- 
terested in homologies, that the Toluntaiy muscles of the 
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superior and inferior extremities, and more especially of the 
trunk, are arranged in longitudinal, tranaverse, and oblique 
spiral lines, and in layers or strata precisely as in the 
ventricles of the heart and hollow muscles generally.' If, 
consequently, I eliminate the element of bone from these 
several regions, 1 reproduce a typical hollow muscle ; and 
what is still more remarkable, if I compare the bones re- 
moved (say the bones of the anterior extremity of a quad- 
ruped or bu-d) with the cast obtained from the cavity of a 
hollow muscle (say the left ventricle of the heart of the 
mammal), I find that the bones and the cast are twisted 
upon themselves, and form elegant screws, the threads or 
ridges of which run in the same direction. This affords a 
proof that the involuntary hollow muscles supply the type or 
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pattern on which the voluntary muscles are formed. Fig. 6 re- 
preaenta the bones of the wing of the bird; fig, 7 the bones of the 

' " On the Arrangement of the Muflculsr Fibres in the Ventrii'leB of the 
Vertebrato Beart, with Physlo'.ostoal Remarks," by tha Aiithot.— Philo- 
Bophical Transactions, 1S64. 
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anterior extremity of the elephant ; and fig. 8 the cast or mould 
of the cavity of the left ventricle of the heart of the deer. 

It has been the almoBt invaxiable cuBtom in teaching 
anatomy, and such parts of physiology aa pertain to animal 
movements, to place much emphasis upon the configuration 
of the bony skeleton aa a whole, and the conformation of its 
several articular surfaces in particular. This is very natural, 
as the osseous system stands the wear and tear of time, while 
all around it is in a great measure perishable. It is the link 
which hinds extinct forms to living ones, and we naturally 
venerate and love what is eoduring. It is no marvel that 
Oken, Goethe, Owen, and others should have attempted such 
splendid generalizations with regard to the osseous system — 
should have proved with such cogency of argument that the 
head is an expanded vertebra. The bony skeleton is a miracle 
of design very wonderful and very beautiful in its way. But 
when all has been said, the fact remains that the skeleton, 
when it exists, forms only an adjunct of locomotion and 
motion generally. All the really essential movements of an 
animal occur in its soft parts. The osseous system is there- 
fore to be regarded as secondary in importance to the mus- 
cular, of which it may be considered a differentiation. Instead 
of regarding the muscles aa adapted to the bones, the booes 
ought to be regarded aa adapted to the muscles. Bones have 
no power either of originating or perpetuating motion. This 
be^ns and terminates in the muscles. Nor must it be over- 
looked, that hone makes its appearance comparatively late in 
the scale of being ; that innumerable creatures exist in which 
no trace either of an external or internal skeleton is to be 
found; that these creatures move freely about, digest, circu- 
late their nutritious juices and blood when present, multiply, 
and perform all the functions incident to life. Wliile the 
skeleton is to be found in only a certain proportion of the 
animals existing on our globe, the soft pMts are to be met 

" On the Mnacnlar Arrsngem t f th BJ 1 1 nnrt ProRtate 
nimuiBr in wiiioli the Ureters 1 O t1 m 1 sed," by tlio . 

Philosophical TrnnsaotinDs, 1887 

" On the Miiscninr Tunics in th 8t h f Man Bnil ctlier Ml 

liy the Aathot.— Proceedings Ro J ISoc tj fLo I n, lSfi7 
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with in all ; and this appears to me an all-suflicient reason 
for attaching great importance to the movements of soft 
parts, Buch as protoplasm, jelly masses, involuntary and volun- 
tary muscles, etc.' As the muedes of vertebrates are accu- 
rately applied to each other, and to the bones, while the bones 
are rigid, unyielding, and incapable of motion, it follows that 
the osseous system acts as a break or boundary to the muscular 
one, — and hence the arbitrary division of muscles into exten- 
sors and flexors, pronators and supinators, abductors and ad- 
ductors. This division although convenient is calculated to 
mislead. The most highly organized animal is strictly speaking 
to be regarded as a living mass whose parts {hard, soft, and 



f 

^H otherwise) are accurately adapted to each other, every part 

^H reciprocating with scrupulous exactitude, and rendering it 

^H difficult to detenaine where motion begins and where it ter- 

^M minates. Fig. 9 shows the more superficial of the muscnlar 

^M masses which move the bones or osseous levers of the horse, 

^H aa seen in the walk, trot, gallop, etc. A carefid examination 

^H of these cameous masses or muscles will show that they run 
^H ' Lectures " Oq the Physiology of tlie Clroiilntinn in Plnntu, in the Lower 

^H Animmls, and in Man," Tiy the Author.- Eilmburgh Modlca) Journal for Sap- 

^^L Umber IS72. 
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longitudinally, tranaversely, and obliquely, the longitudiDal 
and transverse muscles crossing each otlier at nearly right 
angles, the oblique ones tending to cross at varioua angles, aa 
in the letter X. The crossing is seen to most advantage in 
the deep musclea. 

In order to understand the twisting which occurs to a 
greater or less extent in the bodies and extremities (when 
present) of all vertebra ted animals, it is necessary to reduce the 
bony and muscular systems to tlietr simplest expression. If 
motion Is desired in a iLorsal, ventral, or lateral direction only, a 
dorsal and ventral or a right and left lateral set of longitudinal 
muscles acting upon straight bones articulated by an ordinary 
ball-and-socket joint will suffice. In this case the dorsal, 
ventral, and right and left lateral muscles form muscular eycles ; 
contraction or shortening on the oue aspect of the c^cle being 
accompanied by relaxation or elongation on the other, the 
bones and joints forming as it were the diameters of the 
cycles, and oscillating iu a backward, forward, or lateral 
direction in proportion to the degree and direction of the 
muscular movements. Here the motion is confined to two 
planes intersecting each other at right angles. Wlien, how- 
ever, the muscular system becomes more highly differentiated, 
both as regards the number of the muscles employed, and the 
variety of the directions pursued by them, the bones and 
joints also become more complicated. UiiJer these circum- 
stances, the bones, as a rule, are twisted upon themselves, 
and their articular surfaces present various degrees of spirality 
to meet the requirements of the moacular system. Between the 
straight longitudinal muscles, therefore, arranged in dorsal and 
venti^, and right and let% lateral sets, and those which run in a 
more or less transverse direction, and between the simple joint 
whose motion is confined to one plane siid the ball-aud- socket 
joints whose movements are universal, every degree of obli- 
quity is found in the direction of the muscles, and every pos- 
mble modification in the disposition of the articular surl'acos. 
In the fish the muscles are for the most part aiianged in 
dorsal, ventral, and lateral sets, which run longitudinally; and. 
Its a result, the movements of the trunk, pai-ticularly towards 
the tail, arc from side to side and sinuous. As, however. 
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oblique fibres are also present, and the tendons of the longi- 
tudinal muscles in some inatances cross obliquely townrda the 
tail, tbe fish lias also the power of tilting or twisting its 
tnink (particularly the lower half) as well as the caudal £n. 
In a mackerel which I examined, the obHqne muscles were 
represented by the four lateral niasses occurring between the 
dorsal, ventral, and lateral longitudinal muscles — two of 
these being found on either side of the fish, and jxirresponding 
to the myocommas or " grand mmde Jatiral" of Cuvier. The 
muscular system of the fish would therefore seem to be ar- 
ranged on a fourfold plan, — there being four sets of longi- 
tudinal muscles, and a corresponding number of slightly 
oblique and oblique muscles, the oblique muscles being spiral 
in their nature and tending to cross or interseet at various 
angles, an arrest of the intersection, as it appears to me^ 
giving rise to the myocommas and to that concentric arrange- 
ment of their constituent parts go evident on transverse 
section. This tendency of the muscular fibres to cross 
each other at various degrees of obliquity may also be traced 
in several parts of the human body, as, for instance, in the 
deltoid muscle of the arm and the deep muscles of the leg. 
KumerouB other examples of penniform muscles might be 
adduced. Although the fibres of the myocommas have a 
more or less longitudinal direction, the myocommas them- 
selves pursue an oblique spiral course from before backwards 
and from within outwards, i.e. from the spine towards the 
periphery, where they receive slightly oblique fibres from the 
longitudinal dorsal, ventral, and lateral muscles. As the 
Gpiral obhque myocommas and the oblique fibres from the 
longitudinal muscles act directly and indirectly upon the 
spines of the vertebrae, and the vertebrae themselves to which 
they are specially adapted, and as both sets of oblique fibres 
are geared by interdigitation to the fourfold set of longitu- 
dinal muscles, the lateral, Binuoue, and rotatory movements of 
the body and tail of the fish are readily accounted for. 
The spinal column of the fish facilitates tlie lateral sinuous 
twisting movements of the tail and trunk, from the fact that 
the vertebrje composing it are united to each other by a series 
of modified universal joints — the vertebras supplying the cup- 
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shaped depressions or sockets, the inter rertebral substanci;, 
the prominence or ball. 

The same may be said of the general arrangement of the 
muscles in the trunk and tail of the Cetac«a, the principal 
muscles in this case being distributed, not on the sides, but 
on tho dorsal and ventral aspects The lashing of the tail 
in the whales is consequently from above downwards or 
vertically, instead of from aide to aide. The spinal column is 
jointed as in the fish, with this difference, that the vertebne 
(especially towards the tail) form the rounded prominences or 
ball, the meniscus or cup-shaped intervertebral plates the 
receptacles or socket. 

When limbs are present, the spine may be regarded as 
being ideally divided, the spiral movements, under these 
circumstances, being thrown upon the extremities by typical 
ball-and-socket joints occurring at the Bhoulders and pelvis. 
This is peculiarly the case in the seal, where the spirally 
sinnouB movements of the spine are transferred directly to 
the posterior extremities.^ 

The extremities, when present, are provided with their 
own muscular cycles of ejrtensor and flexor, abductor and 
adductor, pronator and supinator muscles, — these running 
longitudindly and at various degrees of obliquity, and en- 
veloping the hard parts according to their direction—the 
bones being twisted upon themselves and furnished with 
articular surfaces which reflect the movements of the 
muscular cycles, whether these occur in straight lines an- 
teriorly, posteriorly, or laterally, or in oblique lines in inter- 
mediate situations. The straight and oblique muscles are 
principaUy brought into play in the movements of the extremj- 

' Tbnt the movementB of tlie extrpmitles primsrily cnLRcate from tlie spine is 
rendered proliahle by ths reioarkable powers pofiiiesBeil by serpents, " It is 
true," writeaProfBSBorOweii(op. «i. p. 281), "that the serpent Las no limbs, 
feC It can oulclimb the mankef, outawlin tlie tiah, outlcsp the jerboa, and, 
Boddenlf looeing the close colls of its croacbing BpiTsI, it can spring into the 
air and eeiie the bird upon the itiDg. " .... " The serpent has neither 
hands nor laluna, yst it can oiitwresUe the athlete, and crush the tigor in the 
embrace of its ponderous overlapping folds." The peculiar endowmsnti, 
which accompony the possession of extremities, it appears to me, preseut 
themselvei in an undeveloped or Intent form iu the trunk of the reptile. 
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tioa of quadrupeds, bipeds, etc. in walking; in tbe move- 
ments of the tails and hns of lishes, whalea, etc in Bwinuning ; 
and in the movementa of the wings of insects, bats, and 
birds in flying. The straight and oblique muscles are 
usually found together, and co-operate in producing the 
movementa in question ; the amount of rotation in a part 
always increasing as the oblique muscles preponderate. The 
combination of ball-and-socket and hinge-joiuts, with their con- 
comitant oblique and longitudinal muscular cycles (the former 
occurring in their most perfect forms where the extremitiea 
are united to the trunk, the latter in the extremities them- 
selves), enable the animal to present, when necessary, an exten- 
sive resisting surface the one instant, and a greatly diminished 
andacumparat'vely non rea'ating one the next This arrange- 
ment s cures the subtlety and nicety of mot on demanded by 
the several media at difierent stages of progress on 

The t avdl ng surfaces of A mals mod J el ad adapted 
to the med n. on or n wl 1 thej lume — In those land 
ammals which take to the water occasionally the feet, as a 




rule, are fiimished with membranous expansions extend- 
ing between the toes. Of such the Otter (fig. 12), Ornitho- 
rhynchus (fig, H), Seal (fig. 14), Crocodile, Sea-Bear (fig. 37, 
p, 76), Walrus, Frog (fig. 13), and Triton, may be cited. 
The crocodile and triton, in addition to the menibranqt 
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expansion occurring between the toes, are supplied w-ith a 
poworfiil Bwi mining- tail, which adds very materially to the 
surface engaged In natation. Those animals, one and aU, 
walk awkwardly, it always happening that when the ex- 
tremities are modified to operate upon two essentially 
different media (as, for instance, the land and water), the 
maximum of speed is attaiaed in neither. For this reason 
those animals which ewira the best, walk, as a rnle, with the 
greatest difficulty, and vice vernA, as the movenienta of the 
auk and seal in and out of the water amply testify. 

In addition to those land animals which niu and swim, 
there are some which precipitate themselves, parachute- 
fashion, from immense heights, and others wliicli even fly. 
In these the membranous expansions ire greatly increased, 
the ribs affording the necessary support in the Dragon or 
Flyiiig Lizarii (fig. 15), the anterior and posterior extremities 
and tail, in the Flying Lemur (fig. 16) and Bat (fig. 17, p. 3C). 




Dmson (Drfito hamatcpogaa, Or.iy) showi n ]u^ 
' " Bltnntwl lietwoen the anterior (d rf) luid pos- 

tod by IhH rihs. The dMBnii l)j tbte orranse- 

wlUi Twrftft anretj.—OHfinal 

"-' — ■•■ ■-'u. Obx-w). In tha Hying 
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and birds. Th« trings ot the Ixit are deeplr 
winRH ot beetlea and heflvy-lMdLed short-win 
■rm Ir), fort™™ (d). and hand (i., ... n] of 
aniartor or thick iniigin and the oitreinitj of 
to eompted to the iiemms In ourrcspoDd 
tho bfietlfl. — Origiiiai. 




Fro. IT.— Tho Bat (FAffHor'ii'w ffrwilij, Paters). : 
(f ci i /, a un «) ai'B enatraoiulv iaiireBted aa 

p.SJ. rAimufbali d fgrtann othal : s /, n n n haTd of Isit — OriffJnniT 

Although no lizard is at preaaot known to fly, tliete can 
be little doubt that the extinct Pterodactylea (which, accord- 
ing to Professor Huxley, are intermediate between the lizards 
and crocodiles) were poaaesaed of this power. The bat ia 
interesting as being the only niaramal at present endowed 
with wings sufficiently large to enable it to fl.y.^ It affords 
an extreme example of modiiication for a special purpose, — 
its attenuated body, dwarfed posterior, and greatly elongated 
anterior extremities, with their enormous fingers and out- 
spreading membranes, completely unfitting it for terrestrial 
progression. It ia instructive as showing that flight may be 
attained, without the aid of hollow bones and air-saca, by 
purely muscular efforts, and by the mere diminution and 
increase of a continuous membrane. 

As the flying lizard, flying lemur, and bat (figs. 15, 16, and 
17, pp. 35 and 36), connect terrestrial progression witb aerial 
progression, eo the auk, penguin (fig. 46, p. 91), and flying- 
fish (fig. 51, p. 98), connect progression in the water with 
progression in the air. The travelling surfaces of these ano- 
malous creaturea run the movements peculiar to the three 
highways of nature into each other, and bridge over, as it 
were, the gaps which naturally exist between locomotion on 
the laud, in the water, and in the air, 

' The Vaniptia Bat of the lalaud al Boaiii, ftcrordiiigto Dr. Buckloarl, 
aiEb BW1111 ; and tliiu autliuiity was of upiuiun that the Ptcnxluctj'lt 
Btuiiar adviutugeB,— Eiig. Cycl. vol. ii, j-. 
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It alkmg of Ike (Juadntped Lipui etc — As tin, tarth, because 
of itfl Bolidity will bear any amount ot pressure to which it 
may be eubjected, the size, Bhape, and weight of atumala 
deBtined to tnnerse its surface are matters of httle or no 
consequence As, moreover, the surfate trod upon la ngid 
or unyielding the extremities of quadrupeds are as a rule, 
terminated ty small feet Fig 18 ((.ontrast with fig 1 ) 




Jiill (Boj ScoKcBrt Shows powerTnl Jieayy 'boilr. n 
'wt md UmlM in wnlttig anil ntnuliiB, n, I Cun 



mnve together _. ..,.„. „.^ r-^- .-.-,- -"- - — -^ -- - 

unlerinr ((. u) Md praitBrior (r, i) eitreraitloa romi olllpaea. Compirewl™ 
Br. IB, p. B8.— Original. 

In this there ia a double purpose — the limited area pre- 
sented to the ground aifording tlie animal sufficient support 
and leverage, and enabling it to diaentangle its feet with the 



utmost facility, it being a condition in rapid terreBtrial pro- 
gression that the points presented to the earth be few in 
number and limited in eictent, as this approximates the feet 
of animals most closely to the wheel in mechanics, where the 
surface in contact with the plane of progression is reduced to 
a minimnm. When the surface presented to a dense resisting 
medium is increased, speed is diminished, as shown in tlie 
tardy movements of the mollusc, caterpillar, and slowworm, 
and also, though not to the same extent, in the serpents, 
some of which move with considerable celerity. In the gecko 
and common house-flj, as is well known, the travelling sur- 
faces are furnished with suctorial discs, which enable those 
creatures to walk, if need be, in an inverted position ; and 
" the tree-frogs (Si/la) have a concave disc at the end of each 
toe, for climbing and adhering to the bark and leaves of trees. 
Some toads, on the other hand, are enabled, by peculiar 
tubercles or projections iroTO the pahn or sole, to clamber up 
old walls." * A. similar, bnt more complicated arrangement, 
is met with in the arms of the cuttle-fish. 

The movements of the extremities in land animals vary 
considerably. 

In tbe kangaroo and jerboa,^ the posterior extremities 
only are used, the animals advancing per saltum, i.e. by a 
series of leaps.* 

The deer also bounds into the air in its slower movements; 
in its fastest paces it gallops like the horse, as explained at 
pp. 40-4i. The posterior extremities of the kangaroo are 
enormously developed as compared with the anterior ones ; 
they are also greatly elongated. The posterior extremities 
ore in excess, likewise, in the horse, rabbit,* agouti, and guinea 



■ Comp. Aunt, end Vhyi, of Vartebratea, by Profeaaot Owsn, vol. i. pi> 
262, 263. Loud. 1868. 

■ The jerboa wlien pursued can leap a, dist) 
leaps so rapidl; that It cnniiDt be oveiiaken 
Tbe bnlltrDg, a macli smaller animal, can, 
eight feet at each bound, and project itstlf o' 

' The long, powerful tail of the kangaroo 



Df tiine feet, and repeat the 
by tbe aid of a gwift horse. 
I pressed, clear from six to 
fence five feet liigb, 

in mniataining the equl- 



librinm of the aniinal prior to the leaps; the poBteiioc extremities aod 
tall fonnlDg s tripod of support. 
* The rabbit occasioDally takes several short Htaps with the fore legs am] 
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As a consequence these animals descend declivities with 
difficulty. They are best adapted for slightly ascending ground. 
In the giraffe the anterior extremities are longer and more 
wwerful, comparatively, than the posterior ones, which is 
U8t the opposite condition to that found in the kangaroo. 
In the giraffe the legs of opposite sides move together and 
.alternate, whereas in most quadrupeds the extremitieB move 
diagonally — a remark which holds true also of ourselves in 
■walking and skating, the right leg and left arm advancing 
together and alternating with the left log and right arm (fig. 1 0). 



Fin. 19.— Dtagram •htnring tho flgnre^if-S or donblo-warBa tratk produoeiJ ty 
rl^t ll% (r) »nd lnft Mm (i) Bclirnnotng BiiunltuieoUBly tn funo ocij step ; 



le by the legs : thn futem 
oa made by tho tight leg 
inn elllptua. Cuoipure nl 



contlnnona line It, t) alyes the 
•ted line (i. s) thnt B,«!ib bj ttie 
Hd Islt aim, and hy Uie left leu 
U Bh. 16, p. 37.— OriffiliaJ. 



In the hexapod insects, according to Miiller, the fore and 
hind foot of the one side and the middle one of the opposite 
aide move together to make one step, the three corresponding 
and oppoait* feet moving together to form the second step. 
Other and similar combinations are met with in the decapods. 

The alternating movements of tie extremities are interest- 
ing as betokening a certain degree of flexuosity or twisting, 
either in the trunk or limbs, or partly in the one and partly 
in the other. 

This twisting begets the figiire^f-8 movements observed in 
walking, swimming, and flying. (Compare figs. 6, 7, and 26 a, 
pp. 28 and 55; figs. 18 and 19, pp. 37 and 39; figs. 32a]id50, 
pp. 68 and 97 ; fi'gs. 71 and 73, p. 144 ; and 6g. 81, p. 157.) 

Locomotion of t/te Horse. — -As the limits of the present 
volume forbid my entering upon a consideration of the move- 
ments of all the animals with terrestrial habits, I will describe 
briefly, and by way of illustration, those of the horse, ostrich, 
: -walks with the fore legs, and leaps 
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and man. In the horse, ns in all quadrupeds endowed witt 
great speed, the bones of the extremities are inclined obliquely 
tovarda each other to form angles ; the angles diminishing as 
the speed increases. Thus the angles formed by the bones of 
the extremities with each other and with the scapulee and 
iUac bones, are less in the horse than in the elephant 'Far 
the same reason they are less in the deer than in the horse. 
In the elephant, where no great speed is required, the limba 
are nearly straight, this being the best arrangement for sup- 
porting superincumbent weight. The angles formed by the 
different bones of the wing of the bird are less than in the 
fleetest quadruped, the movements of wings being more rapid 
than those of the extremities of quadrupeds and bipeds. 
These are so many mechanical adaptations to neutralize shock, 
to increase elasticity, and secure velocity. The pacea of the 
horse are conveniently divided into the walk, the trot, the 
amble, and the gallop. If the horse begins his walk by rais- 
ing his near fore foot, the order in which the feet are lifted is 
as follows :— first the left fore foot, then the right or diagonal 
hind foot, then the right fore foot, and lastly the left or 
diagonal bind foot. There is therefore a twisting of the 
body and spiral overlapping of the extremities of the horse 
in tlie act of walking, in all respects analogous to what 
occurs in other quadrupeds ^ and in bipeds (figs. 18 and 10, pp. 
37 and 39). In the slowest walk Mr. Gamgee observes "that 
three feet are in constant action on the ground, whereas in 
the free walk in which the hind foot passes the position from 
which the parallel fore foot moves, there is a fraction of time 
when only two feet are upon the ground, but the interval is 
too short for the eye to measure it. The proportion of time, 
therefore, during which the feet act upon the ground, to that 
occupied in their removal to new positions, is as three to one 
in the slow, and a fraction less in the fast walk. In the fast 
gallop these proportions are as five to three. In all the paces 
the power of the horse is being exerted mainly upon a fore 

' If a cat wlien walking ia seen from nboVB, a continuous wave of movfl- 
mant ia observed travelling ulung it» ipiiia ftijin licifuro bnokwanls. Tliis 
movement dosaly resemliUa the emnliiis "l the esrpent and tlie swimming of 
tlie eel. 
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and hind limb, with the feet ijnplanied in diagonal posiUcns. 
There is also a constant parallel line of positions kept up by 
fore and hind foot, atln-nativg sides in each successive move. 
These relative positions are renewed and maintained. Thus 
each fore limb assumes, as it alights, the advanced position 
parallel with the hind, just released and moving; the hind 
feet move by turns, in sequence to their diagonal fore, and in 
priority to their parallel fellows, which following they maiii- 
Uin for nearly half their course, when the fore in its turn is 
raised and can'ied to its destined place, the hind alighting 
midway. All the feet passing over equal distances and keep- 
ing the same time, no interference of the one ivith the other 




A of trotting. Id thii, sa In all tte i 
Is lET?reU furword by a diBgvD&l twisting ' 
eitreiuitlea dwerlWng i dgure- — '- ' 
used bf Uie oltamata play of tbe 
'aoiithogTound(a,6> TliostliBrit 
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■urs, and each successive hind foot as it is imjilanted forms 
a new diagonal with the opposite fore, the latter forming the 
front of the parallel in one instant, and one of the diagonal 
positions in the next : while in the case of the hind, they 
assume the diagonal on alighting and become the tenninators 
ol the parallel in the last part of their action." 

In the trot, according to Bishop, the legs move in pairs 



diagDiuklly, The some leg moves rather oftener during the 
same period in trotting thnn in walking, or as six to five. The 
velocity acquired by moving the legs in pairs, instead of con- 
secutively, depends on the circumatance that in the trot each 
leg rests on the ground during a short interval, and swings 
during a long one ; whilst in walking each leg swings a short, 
and rests a long period. The undulations arising from the 
projection of the trunk in the trot are chiefly in the vertical 
plane ; in the walk they are more in the horizontal. 

The gaUop has been erroneously believed to consist of a 

series of Iwunda or leaps, the two hind legs being on the 

ground when the two fore legs are in the air, and vice versA, 

there being a period when all four are in the air. Thus 

Sainbell in his " Essay on the Proportions of Eclipse," states 

" that the gallop consists of a repetition of bounds, or leaps, 

mora or leas high, and more or less extended in proportion to 

^L the strength and lightness of the animal." A little reflection 

^M will show that this definition of the gallop cannot be the 

^H correct one. When a horse takes a ditch or fence, he gathers 

^1 himself together, and by a vigorous effort (particularly of the 

^1 hind legs), throws himself into the air. This movement 

^H requires immenEe exertion and is short-lived. It is not in 

^H the power of any horse to repeat these bounds for more than 

^H a few minutes, from which it follows that the gallop, which 

^H may be continued for considerable periods, must differ very 

^H materially from the leap. 

^H The pace known as the amble is an artificial movement, 

^H produced by the cunning of the trainer. It resembles that of 

^H the girafle, where the right fore and right hind foot move 

^1 together to form one step ; the left fore and left hind foot 

^H moving together to form the second step. By the rapid 

^H repetition of these movements the right and left sides of the 

^H body are advanced alternately by a lateral swinging motion, 

^H very comfortable for the rider, but anything but graceful. 

^H The amble is a defective pace, inasmuch as it iuterferes with 

^^t the diagonal movements of the limbs, and impairs the cou- 

^B tinuity of motion which the twisting, cross movement begets. 

^M Sindlar remarks might be made of the gallop if it consisted 

^H (which it does not) of a series of bounds or leaps, as each 
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bound would bo succeeded by a halt, or dead point, tliat could 
not fail seriously to compromise coiitinuoua forward motion. 
In the gftllop, as in the slower movements, the horse has 
never less than two feet on the ground at any instant of time, 
no two of the four feet being in exactly the same position, 

Mr. Gamgee, who has studied the movements of the horse 
very carefully, has given diagrams of the walli, trot, and 
gallop, drawn to a scale of the feet of a two-year-old colt in 
training, which had been walked, trotted, and galloped over 
the ground for the purpose. The point he sought to deter- 
mine was the exact distance throngli wliich each foot was 
carried from the place where it was lifted to that where it 
alighted. The diagrams are reproduced at figures 21, 22, and 
In figure 23 I have added a continuous waved line to 
indicate the alternating movements of the extremities ; Mr. 
Gamgee at the time he wrote ' being, ho informs jne, unac- 
quainted with the figure-of-8 theory of animal progression as 
subsequently developed by me. Compare fig. 23 with figs. 
18 and 19, pp. 37 and 39; with fig. 50, p. 97; and with figs. 
71 and 73, p. 14+. 

Walk. Tbot. 

n-t n.h. o.r. ...h. n.f, n,f. n.h, n.f u.Il r. i. 



Li'iigUi ot utrlde 18 rt li ui 
FiQ. 3S. 

In examining figures 21, 22, and 23, the reader will do 
well to remember that the near fore and hind feet of a horse 
are the left fore and hiud feet ; the ojf fore and hind feet 
being the right fore and hind feet. The terms near and off' 
< "Ontlie Breeding of Huntera and Roadsttsra." Pnze Essay.— Journal of 
Boyal AgiiaultiiTal Suciety lgr 1363, 
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are technical expressions, and apply to the lefb and right 
sides of the animal. Another point to be attended to in 
examining the figures in question, is the reiation which 
exists between the fore and hind feet of the near and 
off sidea of the body, la slow walking the near hind foot 
ia planted behind the imprint made by the near fore foot. 
In rapid walking, on the contrary, the near hind foot ia 
planted from six to twelve or more inches in advance of the 
imprint made by the near fore foot (fig. 21 represents 
the distance as eleven inches). In the trot the near hind foot 
13 planted from twelve to eighteen or more inches in advance of 
the imprint made by the near fore foot (fig. 22 represents the 
distance as nineteen inches). In the gallop the near hind foot 
is planted 1 00 or more inches in advance of the imprint made 
by the near fore foot (fig. 33 represents the distance as llOJ 
inches). . The distance by which the near hind foot passes 
the near fore foot in rapid walking, trotting, and galloping, 
iacreases in a progressive ratio, and ia due in a principal 
measnre to the velocity or momentum acquired by the mass 
of the horse in rapid motion; the body of the animal carrying 
forward and planting the limbs at greater relative distances 
in the trot than in the rapid walk, and in the gallop than in 
the trot. I have chosen to speak of the near hind and near 
fore feet, but similar remarks may of course be made of the 
off hind and off fore feet. 

"At fig. 23, which represents the gallop, the distance 
between two successive impressions produced, say by the near 
fore foot, ia eighteen feet one inch and a half. Midway 
between these two impressions is the mark of the near hind 
foot, which therefore subdivides the space into nine feet and 
six-eighths of an inch, but each of these is again subdivided 
into two halves by the impressions produced by the off fore 
and off hind feet. It is thus seen that the horse's body 
instead of being propelled through the air by bounds or leaps 
even when going at the highest attainable speed, acts on a 
system of levers, the mean distance between the points of 
resistance of which is four feet six inches. The exact length 
of stride, of course, only applies to that of the particular horse 
observed, and the rate of speed at which he ia going, In the 
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case of any one animal, the greater the speed the longer is 
the individual stride. In progression, the body moves bel'ore a 
limb ia raised from the ground, as is most readily Beeo when 
the horae is beginning its slowest action, as in traction." ^ 

At fig, 23, which represents the trot, the stride ia ten feet 
one inch. At fig. 21, which represents the walk, it ia only 
five feet five inches. The speed acquired, Mr. Gamgee points 
out, determines the length of stride; the length of stride 
being tlie effect and evidence of speed and not llio cause of it. 
The momentum acquired in the gallop, as already explained, 
greatly accelerates speed, 

"In contemplating length of strides, with reference to the 
fulcra, allowance has to be made for the length of the feet, 
which ia to be deducted from that of the strides, because the 
apex, or toe of the horse's hind foot forms the fulcrum in one 
instant, and the heel of the fore foot in the next, and mee 
.versd. This phenomenon is very obvious in the action of the 
human foot, and is remarkable also fur the range of leverage 
thus afforded in some of the fleetest quadrupeds, of different 
species. In the hare, for instance, between the point of its 
hook and the termination of its extended digits, there is a 
space of upwards of six inches of extent of leverage and 
variation of fulcrum, and in the fore limb from the carpus to 
the toe-nails (whose function in progression is not to be 
underrated) upwards of thiee inches of leverage are found, 
being about ten inches for each lateral biped, and the double 
of that for the action of all four feet Viewed in this way 
the stride a not really so long as would be supposed if merely 
estimated from the sjiace between, the footprints. 

Many interesting remarks might be made on the length of 
tlie stride of various animals j the full movement of the grey- 
hound is, for instance, upwards of sixteen feet ; that of the 
hare at least equal; whilst that of the Newfoundland dog is 
a little over nine feet." '■ 

Locomoticm of the Ostrich. — Birds have been divided by 
naturalists into eight orders : — the Natatores, or Swimming 
Birds ; the GrallalorM, or Wading Birds ; the Cwrsores, or 
Running Birds ; the Satnsm-cs, or Climbers ; the Rasores, or 

1 Gantttee in JoutduI of AnRtomy aud Pbyaiology, vol. lil. pp. 37Si 376. 
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Scrapers ; the Columhce, or Doves ; the Passerc3 ; and the 
Eaptores, or Birds of Prey. 

The first five orders have been classified according to their 
habits and modes of progression. The Natabyres I shall con- 
sider when I come to speak of swimtDing as a form of locomo- 
tion, and as there is nothing in the movements of the wading, 
scraping, and climbing birds,^ or in the Passeres^ or Raptorts, 
requiring special notice, I shall proceed at once to a considera- 
tion of the Cursm-es, the best exnmplea of which are the 
ostrich, emu, oasaowary, and apteryx. 

The ostrich is remarkable for the great length and develop- 
ment of its legs as compared with its wings (fig. 24). In this 
rftspect it is among birds what the kangaroo is among mammals. 
The ostrich attains an altitude of from six to eight feet, and 
is the largest living bird known. Its great height is due to 
its attenuated neck and legs. The latter are very powerful 
structures, and greatly resemble in their general conformation 
the posterior extremities of a thoroughbred horse or one of the 
larger deer — compare with fig. 4, p. 21. They are expressly 
made for speed. Thus the bones of the leg and foot are in- 
clined very obliquely towards each other, the femur being in- 
clined very obliquely to the ilium, As a consequence the 
angles made by the several bones of the legs are compara- 
tively small ; smaller in fact than in either the horse or deer. 

The feet of the ostrich, like those of the horse and deer, 
toe reduced to a minimum as regards size; so that they 
occasion very little friction in the act of walking and running. 
The foot is composed of two jointed toes,' which spread out 
when the weight of the body comes upon them, in such a 
manner as enables the bird to seize and let go the ground 
with equal faoiUty. The advantage of such an arrangement 
in rapid locomotion cannot he over-estimated. The elasticity 
and flexibility of the foot contribute greatly to the rapidity 

1 Ths vonri peckers climb bf the old of the stiS featliara of their tniU; Ilia 
legs and tail forming a Grm bnnis of support. 

* Id tliis order ttore are cGrtoin birds— the spnrrowB nnd thrushes, : 
exnniple— which adiuiue hy n aeriea of viggruuB leaps ; the leaps being ifS 
intermitting eliaracter. 

3 The toea in the eiun 
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I of movement for which this celebrated bird is famous. Thi' 
limb of the oatrich, with its large bones placed veiy oblicjuely 
-to form a system of powerfhl levers, ia the very embodiment 

I of speed. The foot ia quite worthy of the limb, it being iii 
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ime respects the most admirable structure of its kind in 
existence. Tlie foot of the ostrioh differs considerably from 
that of all other birds, those of its own family excepted. 
Thus the under portion of the foot ia flat, and specially 
adapted for acting on plane surfaces, particularly solids.^ The 

^H ' Feet deKigned for Bvimniiiig, (^rut^ping lievs, or secnring prej, do not 
^Kopersld to ulvantace on a Hat aurliice. Tbe avkwsrd waddle o! the swan, 
^HfpRrrot, snii Easle tcUea on the grouad .iHoiils itIii<tTittioo5. 
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f the toes superiorly are firmed with powerful 
abort nails, the tips of which project inferiorly to piotect the 
toea and confer elasticity when the foot is leaving the gronnd. 
The foot like the leg, is remarkable for its gieat strength. 
The legs of the ostrich are closely aet, another feature oi 
speed. ^ The wings of the oatrich are in a very nidimei] 



to^s^ 




condition as compared with the legs.^ All the bones are pre- 
sent, but they are so dwarfed that tliey are useless as organs 
of flight. The angles which the bones of the wing make witli 
each other, are still less than the angles made by the bones of 
the leg. Tills is just what we would a priori exjiect, as the 
velocity with which wings are moved greatly exceeds that 
with which legs are moved. The bones of tlie wing of tlie 
oatrich are inclined towards each other at nearly right angles. 

1 la dmngbt horses tbe legs are muah wider apirt than iii rnceiii ; lliu lisgt 
of tlia deer lieiiigless widely ect than those of the vacer. 
' In the HptBryi the winffa are ao yerj- smnll that the \nvX is eonjiHoiilj 



spoken ol 



s the "wingless bird." 
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The wings of the ostrich, although useless a3 flying organs, 
form important auxiliaries in running. Whea the ostrich 
careers ^ong the plain, he spreads out his wings in such a 
nuumer that they act as balancers, nnd so enable him to main- 
tain his equilibrium (fig. 35). The wings, because of the angle 
of inclination which their under surfaces make with the horizon, 
and the great speed at wliich the ostrich travels, act like 
kites, and so elevate and carry forward by a mechanical 
twlaptntioD a certain proportion of the mass of the bird 
already in motion. Tlie elevating and propelling power of 
even diminutive inclined planes is very considerable, when 
carried along at a high speed in a horizontal direction. The 
wings, in addition to tbeir elevating and propelling power, 
contribute by their short, rapid, swinging movements, to con- 
tinuity of motion in the legs. No bird with large wings can 
run weU. The albatross, for example, walks with difficulty, 
and the same may be said of t!ie vulture and eagle. What, 
therefore, appears a defect in the ostrich, is a positive advan- 
tage when its habits and mode of locomotion are taken into 
account. 

Professional runners in many cases at matches reduce the 
length of their anterior extremities by flexing their arms and 
carrying them on a level with their chest (fig. 28, p. 62). It 
would seem that in rapid running there is not time for the arms 
to oscillate naturally, and that under these circnmstances the 
arms, if allowed to swing about, retard rather than increase 
the speed. The centre of gravity is well forward in the 
ostrich, and is regulat-ed by the movements of the head and 
neck, and the obliquity of the body and legs. In running 
the neck is stretched, the body inclined forward, and the legs 
moved alternately and with great rapidity. When the right 
leg is flexed and elevated, it swings forward pendulum- 
fashion, and describes a curve whose convexity is directed 
towards the right side. Wlien the left leg is flexed and 
elevated, it swings forward and describes a curve whose con- 
vexity ia directed towards the left side. The curves made by 
the right and left legs form whea united a waved line (vide 
figs. 18, 19, and 20. pp. 37, 39, and il). When the right 
leg is flexed, elevated, and advancetl, it rotates upon the iliac 



portion of the trutii of the bird, the trunk being supporteJ 
for the time being by the left leg, which is extended, and in 
contact with the ground. When the left leg is flexed, elevated, 
and advanced, it in like manner rotates upon the trunk, sup- 
ported in this instance by the extended right leg. The leg 
which is on tlie ground for the time being supplies the neces- 
sary lever, the ground the fulcrum. When the right leg is 
flexed and elevated, it rotates upon the iliac portion of the 
trunk in a forward direction, the right foot describing the are of 
a circle. When the right leg and foot are extended and fixed 
on the ground, the trunk rotates upon the right foot in a for- 
ward direction to form the arc of a circle, which is the converse 
of that formed by the right foot. If the arcs alternately supplied 
by the right foot and trunk are placed in opposition, a moRi 
or less perfect circle is produced, and thus it is that the loco- 
motion of animals is approximated to the wheel in mecbanics. 
Similar remarks are to be made of the left foot and trunk. 
The alternate rolling of the trunk on the extremities, and the 
extremities on the trunk, utilizes or works up the inertia of this 
moving mass, and powerfully contributes to continuity and 
steadiness ofaction in the moving parts. By advancing the head 
neck, and anterior parts of the body, the ostrich inaugurates 
the rolling movement of the trunk, which is perpetuated by 
the rolling movements oftho legs. The trunk and legs of tho 
ostrich are active and passive by turns. The movements of 
the trunk and limbs are definitely co-ordinated. But for this 
reciprocation the action of the several parts implicated would 
neither be so rapid, certain, nor continuous. The speed of 
the ostrich exceeds that of every other land animal, a circum- 
stance due to its long, powerful legs and great stride. It can 
outstrip without difKcuIty the fleetest horses, and is only 
captured by being simultaneously assailed from various points, 
or run down by a succesaiou of hunters on fresh steeds. 
If the speed of the ostrich, which only measures six or eight 
feet, ia so transcendiug, what shall we say of tho speed of tha 
extinct ^pyoraii fimtdrmis and Dinomia gigaiUeiia, which are 
supposed to have measured from sixteen to eighteen feet in 
height t Incredible as it may appear, the ostrich, with its 
feet reduced to a minimum as regards size, and peculiarly 
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organized for tialking aad mnning on solids, can also swim. 
Mr. Darwin, tliat most careful of all observers, informs us 
that ostriches take to the water readily^, and not only ford 
rapid rivers, but also cross from island to island. They swim 
leisurely, with neck extended, and the greater part of the 
body submerged. 

Locomotion in Man. — The speed attained by man, although 
eonsiderable, is not remarkable. It depends on a variety of 
eircumstanceg, such as the height, age, sex, and muscular 
energy of the individual, the nature of the surface passed 
■over, and the resistance to forward motion due to the presence 
«f air, whether still or moving, A reference to the human 
^eleton, particularly its inferior extremities, will explain why 
the speed should be moderate. 

On comparing the inferior extremities of man with the legs 
of birds, or the posterior extremities of quadrupeds, say the 
.borse or deer, we find that the hones composing them are not 
,«o obliquely placed with reference to each other, neither are 
■the angles formed by any two honea so acute. Further, we 
observe that in birds and quadrupeds the tarsal and meta- 
tarsal bones are so modified that there is an actual increase 
in the number of the angles themselves. In the extremities 
of birds and quadrupeds there are four angles, which may be 
increased or diminished in the operations of locomotion. 
Thus, in the quadruped and bird (fig. 4, p. 21, and flg. 34, p. 
47), the femur forms with the ilium one ai^le (a) ; the tibia 
md fibula with the femur a second angle (i) ; the cannon or 
-tarso-metatarsal bone with the tibia, and fibula a third angle 
(c) ; and the bones of the foot with the cannon or tarso-meta- 
tarsal bone a fourth angle (d). In man three angles only are 
found, marked respectively a, b, and c {figs. 26 and 37, pp. 55 
and 59). The fourth angle {d of figs. 4 and 24) is absent 
The absence of the fourth angle is due to the fact that in man 
the tarsal and metatarsal bones are shortened and crushed 
together; whereas in the quadruped and bird they are elon- 
gated and separated. 

As the speed of a limb increases in proportion to the num- 
l>er and acuteness of the angles formed by its several bones, it 
is not difficult to understand why man should not be so swift 
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as the majority of quadrupeds. The increase in the number 
of angles increases the power which an animal has of shorten- 
ing and elongating its extremitieB, and the levers which the 
extremities form. To increase the length of a lever ia to 
increase its power at one end, and the distance through which 
it moves at the other; hence the facult}' of bounding or leap- 
■ ing possessed in such perfection by many quadrupeds.^ If 
the wing be considered as a lever, a small degree of motion at 
its root produces an estensive sweep at its tip. It is thus 
that the wing U enabled to work up and utilize the thin 
medium of the air as a buoying medium. 

Another drawback to great speed m man is his erect por- 
tion. Part of the power which should move the limbs is 
dedicated to supporting the tnink. For the same reason the 
bones of the legs, instead of being obliquely inclined to each 
other, as in the quadruped and bird, are arranged in a nearly 
vertical spiral line. This arrangement increases the angle 
formed by any two bones, and, as a consequence, decreases 
the speed of the limbs, as explained. A similar disposition of 
the bones is found in the anterior extremities of the elephant, 
where the superincumbent weight is great, and the speed, 
comparatively speaking, not remarkable. The bones of the 
human leg are beautifully adapted to sustain the weight of 
the body and neutralize shock.^ Thus the femur or thigh 
bone is furnished at its upper extremity with a ball-and-socket 
joint which unites it to the cup-shapeit depression (acetabn- 
lum) in the ilium (hip bone). It is supplied with a neck 
which carries the body or shaft of the bone in an oblique 
direction from the ilium, the shaft being arched forward and 
twisted upon itself to form an elongated cylindrical screw. 
The lower extremity of the femur is furnished with spiral 
articular surfaces accurately adapted to the upper extremities 
of the bon'is of the leg, viz. the tibia and fibula, and to the 
patella. The bones of the leg (tibia and fibula) are spirally 

' " Tha posterior ertremltia* in both tlie lion onii tiger are longer, and tba 
liones incliDBd more obliquely to each other than tlio ajitatior, giving them 
graatar powm and elasticity in springing." 

■ "Tha pelyifl racaivea the -whole weight of tlie trunk and superposwl 
organa, and tranimita it to the heads of the faninra." 
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rranged, tEo screw in this instance being split up. At the 
ufcle the booea of the leg are applied to those of the foot by 
piml articular surfacea analogous to those found at the knee- 
oint. The weight of the trunk is thus thrown on the foot, 
' 1 straight lines, but in a series of curves. The foot 
teelf is wonderfully adapted to receive the pressure from 
Jbove. It consists of a series of small hones (the tarsal, 
Dfltatarsal, anil phalangeal bones), arranged in the form of a 
louble mcb; the one arch exteuding from the heel towards 
' e toes, the other arch across the foot. The foot is so con- 
rived that it is at once firm, elastic, and moveable, — qualities 
rhich enable it to sustain pressure from above, and exert 
ressure from beneath. In walking, the heel first reaches 
nd first leaves the gi'ound. When the heel is elevated the 
reight of the body falls more an<l more on the centre of 
and toes, the latter spreading out^ as in birds, to 
size the ground and lever the trunk forward. It is in this 
Bovement that the wonderful mechanism of the foot is dis- 
layed to most advantage, the multiplicity of joints in the 
it all yielding a little to confer that elasticity of step which 
1 so agreeable to behold, and which is one of the character- 

■ ' s of youth. The foot may be said to roll over the ground 

a a direction from behind forwards. I have stated that the 

les formed by the bones of the human leg are larger than 

hose formed by the bones of the leg of the quadruped and bird. 

's is especially true of the angle formed by the femur with 

e ihum, which, because of the upward direction given to the 

est of the ilium in man, is so great tliat it virtually ceases 
D be an angle. 

The bones of the superior extremities in man merit atteii- 
ion from the fact that in walking ajid running they oscillate 
i opposite directions, and alternate and keep time with the 

_ i, which oscillate in a similar manner. The arms are arti- 
[ilated at the shoulders by ball-and- socket Joints to cup-shaped 
epressions (glenoid cavities) closely resembling those found at 
"" .e hip-jointa. The bone of the arm (liumerus) is carried away 

i The spreBdJng aetion of iLe toes is seen to perfection In children. It ia 
o™ or less destroyed iu luIhUb from a faiiitj princiiilo ia Loot nnd ahoeniak- 
j, the Boles beiag iavuriablj too narrow. 
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from the shoulder Ijy a short neck, aa in the thigh-bone (femur). 
Like the thigh-bone it is twisted upon itself and forma a screw. 
The inferior extremity of the arm bone is furnished with 
Bpiral articular surfaces resembling those found at the knee. 
The spiral articular surfaces of the arm bone are adapted to 
fiimilar surfaces existing on the superior extremities of the 
bones of the forearm, to wit, the radius and ulna. These 
bones, like the bones of the leg, are spirally disposed with 
reference to each other, and form a screw consisting of two 
parts. The bones of the forearm are united to those of 
the wrist (carpal) and hand {metacarpal and phalangeal) by 
articular surfaces displaying a greater or less degree of 
spirality. From this it follows that the superior extremities 
of man greatly resemble his inferior ones ; a fact of consider- 
able importance, as it accounts for the par^ taken by the 
superior extremities in locomotion. In man the arms do not 
touch the ground as in the brutes, but they do not on this 
account cease to be useful as instruments of progression. If 
a man walks with a stick in each hand the movements of his 
extremities exactly resemble those of a quadruped. 

The bones of the human extremities (superior and inferior) 
are seen to advantage in fig. 26; and I particularly direct 
the attention of the reader to the b.<dl-and-socket or universal 
joints by which t!ie arms are articulated to the shoulders 
(x, x'), and the legs to the pelvis (a, a'), as a knowledge of 
these is necessary to a comprehension of the oscillating or 
pendulum movements of the limbs now to be described. The 
screw configuration of the limbs is well depicted in the left 
arm (r) of the present figure. Compare with the wing of the 
bird, fig. 6, and with the anterior extremity of the elephant, 
fig. 7, p. 28. But for the ball-and-socket joints, and the 
spiral nature of the bones and articular surfaces of the extre- 
mities, the undulating, sinuous, and more or less continuous 
movement-s observable in walking and nmning, and the 
twisting, lashing, flail-like movements necessary to smmming 
and flying, would be impossible. 

The leg in the human subject moves by three joints, y'lz., 
the hip, faiee, and ankle joints. When standing in the erect 
position, the hip-joint only permits the limb to move forwards, 
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I the knee-joint backwards, and the ankle-jiiint neither back- 
da nor Ibrwanla. When the body or limbs are inclined 




FlQ. 9e.-BkaIetoii at U&n. CuniEnrc ■itli llg. 4, p. H, una Bg. 24, p. 47.— Orl^nal. 

■obliquely, or slightly flexed, the range of motion is increased. 
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The greatest augle made at the knee-joint is eqaal to the 
sums of the anglea made by the hip and ankle joints when 
these joints are Eitnultaneoualy flexed, and when the augle of 
inulination made by the foot with the ground equals 30°. 

From this it follows that the trunk maintains its erect 
position during the extension and flexion of the Umbs. The 
step in walking was divided by Borelli into two periods, the 
one correaponding to the time when both limbs are on the 
ground ; the other when only one limb is on the ground. 
In running, there is a brief period when both limbs are off the 
ground. In walking, the body is alternately supported by 
the right and leit legs, and advanced by a sinuoua movement. 
Its forward motion is quickened when one le^ is on the 
groundj and slowed when both are on the ground. When 
the limb (say the right leg) is flexed, elevated, and thrown 
forward, it returns if left to itself (i.e. if its movements are 
not interfered with by the voluntary muscles) to tlie position 
from which it was moved, viz. the vertical, unless the trunk 
bearing the limb is inclined in a forward direction at the 
same time. The limb returns to the vertical position, or 
position of rest, in virtue of the power exercised by gravity, 
and from its being hinged at the hip by a ball-and-socket 
joint, as explained. In this respect the human limb when 
allowed to oscillate exactly resembles a pendulum, — a fact first 
ascertained by the brothers Weber. The advantage accruing 
from tbie arrangement, as far as muscular energy is concerned, 
is very great, the muscles doing comparatively little work.*- 
In beginning to walk, the body and limb which is to take 
the first step are advanced together. When, however, the 
body is inclined forwards, a large proportion of the at«p is 
performed mechanically by the tendency which the pendulum 
formed by the leg has to swing forward and regain a vertical 
position, — an effect produced by the operation of gravity alone. 
The leg which is advanced swings further forward than is 
required for the step, and requires to swing back a little 
before it can be deposited on the ground. The pendulum 

■ Till) brotbera Weber laaai tbat so long as the muscles exert the gunentl 

rorcB necBssjiry to eieoute locomotlnn, the velocity depends on tbe size at the 

1 Bitemd forces, but nof on Ote itreagt/i qf Iht nusclfji. 
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t efl"eci3 all this mechanically. When the limb haa 
swung forward as far as the inclination of the body at thu 
time will permit, it reverses pendiilcini faahion; the back 
filroke of the pendulum actually placing the foot upon the 
ground by a retrograde, deaceniiing movement When the 
T^ht leg with which we commeuced is extended and firmly 
placed upon the ground, and the trunk has assumed a nearly 
Tertical position, the left leg is flexed, elevated, and the trunk 
more bent forward. The forward inclination of the 
trunk neoesaitfttea the swinging forward of the left leg, which, 
when it bos reached the point permitted by the pendulum 
movement, swings back again to the extent necessary to place 
it securely upon tlio ground. These movements are repeated 
at stated and regular intervals. The retrograde movement of 
the limb Is bast seen in slow walking. In fast walking the 
pendulum movement is somewhat interrupted from the limb 
being made to touch the ground when it attains a vertical 
position, and tlierefore before it has completed its oscillation.^ 
The swinging forward of the body may be said to inaugurate 
the movement of walking. The body is slightly bent and 
inclined forwards at the beginning of each step. It is 
straightened and raised towards the termination of that act. 
The movements of the body begin and terminate the steps, 
and in this manner reguUte them. The trunk rises vertically 
at each step, the head deecriblDg a. slight curve well seen in 
the walking of birds. The foot on the ground {say the right 
foot) elevates the trunk, particularly its right side, and the 
weight of the trunk, particularly its left side, depresses the 
left or swinging foot, and assists in placing it on the ground. 
Tlie trunk and limbs are active and passive by turns. In 
walking, a spiral wave of motion, most marked in an anteto- 
posterior direction (although also appearing laterally), runs 
through the spine. This spiral spinal movement Is observ- 
able in the locomotion of all vertebrates. It is favoured in 
man by the antero-posterior curves (cervical, dorsal, and lum- 
bar) existing in the human vertebral column. In the eifort 
of walking the trunk and limbs oscillate on the ilio^femoral 
T passcB teyond 
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articulations (hip-jnints). The trunk ilso rotates in a Forwanl 
direction on the foot which is placed upon the ground for tho 
time being. The rotation begins at the heel and terminates 
at the toes. So long as the rotation continues, the body rises. 
Wlien the rotation ceases and one foot is placed flat upon the 
ground, the body falls. T!ie elevation and rotation of the 
body in a forward direction enables the foot which is off 
the ground for the time being to swing forward pendulum 
fashion ; the swinging foot, when it can oscillate no further 
in a forward direction, reversing its course and retrograd- 
ing to a slight extent, at which jnncture it is deposited on 
the gronnd, as explained. The retrogression of the swinging 
foot is accompanied by a slight retrogression on the part of 
the body, which tends at this particular instant to r^ain a 
vertical position. From this it follows that in slow walking 
the trunk and the swinging foot advance together through a 
considerable space, and retire throngh a smaller space ; ^at 
when the body is swinging it rotates upon the ilio-femoral 
articulations (hip-joints) as an axis ; and that when the leg 
is not swinging, but fixed by ita foot upon the gronnd, the 
trunk rotates upon the foot aa an axis. These movements 
are correlated and complementaiy in their nature, and are 
calculated to relieve the muscles of the legs and trunk en- 
gaged in locomotion from excessive wear and tear. 

Similar movements occur in the arms, which, as has been 
explained, are articulated to the shoulders by ball-and-socket 
joints (fig. 26, xx', p. 55). Theright leg and left arm advance 
together to make one step, and eo of the left leg and right 
arm. When the right leg advances the right arm retires, and 
vm versd. AVhen the left leg advances the left arm retires, 
and the converse. There is therefore a complementary swing- 
ing of the limbs on each side of the body, the leg swinging 
always in an opposite direction to the arm on the same side. 
There is, moreover, a diagonal set of movements, also com- 
plementary in character : the right leg and left arm advancing 
together to form one step ; the left leg and right arm advanc- 
ing together to form the next. The diagonal movcmentB 
Iteget a lateral twisting of the trunk and limbs ; the oscilla- 
tion of the trunk upon the limbs or feet, and the oscillation 
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of the feet and limbs upon the trunk, generate a forward 
wave movement, accompanied by a certain amount of vertical 
undulation. The diagonal movements of the trunk and 
extremities are accompanied by a certain degree of kteral 
curvature ; the right leg and left arm, when they advance to 
make a step, each describing a curve, the convexity of which 
is directed to the right and left respectively. Similar curves 
are described by the left leg and right arm in making the 
second or complementary step. When the curves formed by 
the right and left legs or the right and lefl arms are joined, 
they ibrm waved tracks symmetrically arranged on either 
iven line. The cun'cs formed by the legs and 
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arms intersect at every step, as shown at fig. 19, p. 39. 
Similar curves are formed by the qnadmped when walking 
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(fig. 18, p. 37), the fish when swimming (fig. 32, p. 68), and 
the bird when flying (figs. 73 and 81, pp. IH and 157). 

The alternate rotation of the trunk upon the limb and the 
limb upon the trunk is well seen iu fig. 37, p. 59. 

At A of fig. 27 the trunk (3) is observed rotating on the 
left foot (/), At D of fig. the left leg (A) is seen rotating on 
the trunk (a, t) : these, as explained, are complementary move- 
ments. At A of fig. the right foot (c) is firmly placed on the 
ground, the left foot (/) being in the act of leaving it. The 
right side of the trank is on a lower level than the left, which 
is being elevated, and in the act of rolling over the foot. At 
B of fig. the right foot (m) is still upon the ground, but the 
left foot Laving left it is in the act of swinging forward. At 
C of fig. the heel of the right foot {«) is raised from the 
ground, and the left foot is in the act of passing the right. 
The right side of the trunk is now being elevated. At .0 of 
fig. the heel of the right foot (0) is elevated as far as it can 
l>e, the toes of the left foot being depressed and ready to 
touch the ground. The right side of the trunk has now 
reached its highest level, and is in the act of rolling over the 
right foot. The left side of the trunk, on the contrary, is 
subsiding, and the left leg is swinging before the right one, 
preparatory to being deposited on the ground. 

From the foregoing it will be evident that the trunk and 
limbs have pendulum movements which are natural and 
peculiar to them, the extent of which depends upon the 
length of the parts. A taU man and a short man can con- 
sequently never walk in step if both walk naturally and 
(iccording to inclination.^ 

In traversing a given distance in a given time, a, tall man 

1 " The nnmber of atepa which a pereon can take in a given tinia in walking 
ilepanJa, ltr<tt, on ths len^h of the ieg, which, griverneil by lliu laws of Ola 
pendulum, nwinga tom behind forwaiils ; secandly, an the cnrlier or later in- 
tetrnption which the leg experiencea in its aro;of oscillation by being placotl 
an the grounil. The weight of the swinging leg and ths reledty of the trunl: 
aerVD to give the impuiae by which the foot attaina a positioa Tsrtical to the 
hf wl of the thigh-bane ; but aa the latter, according to the laws of tlie pendn- 
lum, reqnirea in the quickest wnlldng a given time to attain that pnsitlon, 
or hoi/ its entire caive of oscillation. It follows that every person lina a 
certain measure for his steps, and a certain number of staps iu a given 

ue, whicli, ia liii natural gait iu walking, he ci 
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will take fewer steps tlian a short man, in the same way that 
a large wheel will make fewer revolutions in travelling over 
a given space than a smaller one. The relation is a purely 
mechanical one. The nave of the large wheel corresponds to 
the ilio-femoral articulation (hip-joint) of the toll man, the 
spokes to his legs, and portions of the rim to his feet. The 
nave, spokes, and rim of the small wheel have the same rela- 
tion to the ilio-femoral articulation (hip-joint), legs and feet 
of the small man. \Mien a tall and short man walk together, 
if they keep step, and traverse the same distance in the same 
time, either the tall man must shorten and slow his steps, or 
the short man must lengthen and quicken his. 

The slouching walk of the shepherd is more natural than 
that of the trained soUlter, It can be kept up longer, and 
admits of greater speed. In the natural walk, as seen in 
rustics, the complementary movements are all evoked. In the 
artificial walk of the trained army man, the complementary 
movements are to a great extent suppressed. Art is conse- 
quently not an improvement on nature in the matter of walk- 
ing. In walking, the centre of gravity is being constantly 
changed,- — ^a circumstance due to the different attitudes assumed 
by the different portions of the trunk and limbs at different 
periods of time. All parts of the trunk and limbs of a biped, 
and the same may be said of a quadruped, move when a 
change of locality is effected. The trunk of the biped and 
quadruped when walking are therefore in a similar condition 
to that of the body of the iish when swimming. 

In running, all the movements described are exaggerated. 
Thus the steps are more rapid and the strides greater. In 
walking, a well-proportioned six-feet man can nearly cover 
hia own height in two steps. In running, he can cover with- 
out difficulty a third more. 

In fig. 28 (p. 62), an athlete is represented as bending 
forward prior to running. 

The left leg and trunk, it will be observed, are advanced 
beyond the vertical line (r), and the arms are tucked np like 
the rudimentary wings of the ostrich, to correct undue oscilla- 
tion at the shoulders, occasioned by the violent oscillation 
produced at the peh-is in the act of running. 
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In order to enable the right leg to swing forward, it is 
evident that it must be Hexed, and that the left leg must be 
extended, and the trunk raised. The raising of the tnmk 
causes it to assume a more vertical position, and this prevents 
the swinging Jeg from' going too far forwards ; the swinging 




leg tending to oscillate in a slightly backward direction as 
the trunk is elevated. The body is more inclined forwards 
in running than in walking, and there is a period when both 
legs are off the ground, no such period occurring in walking. 
" In quick walking, the propelling leg acta more obliquely on 
the trunk, which is more inclined, and forced forwards more 
rapidly than in slow walking. The time when both legs are 
on the ground diminishes as the velocity increases, and it 
vanishes altogether when the velocity is at a maximum. In 
quick running the length of step rapidly increases, whilst the 
duration slowly diminishes ; but in slow running the length 
diminishes rapidly, whilst the time remains nearly the same, 
The time of a step in quick running, compared to that in 
quick walking, is nearly as two to three, whilst the length of 
the steps are aa two to one ; consequently a person can run in 
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a given time three times as fast as he cau walk. In nuiuiug, 
the object is to acquire a greater velocity in progression than 
can be attained in walking. In order to accomplish this, 
instead of the body being supported on each leg alternately, 
the action is divided into two periods, during one of which 
the body is supported on one leg, and during the other it is 
not supported at all. 

The velocity in running is usually at the rate of about ten 
miles an hour, but there are many persons who, for a limited 
period, can exceed this velocity." ^ 



*■ Cyc. of Anat. and Phy., article " Motion. 
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If we direct oiir attention to the water, we eneouater a 
medium leaa dense than the earth, and considerably niort! 
dense than the air. As thia element, in virtue of its fluidity, 
yielda readily to external pressure, it follows that a certain 
relation ejdsts between it and the shape, size, and weight of 
the aoimal progressing along or through it. Tliose animals 
make the great«st headway which are of the same specific 
gravity, or are a little heavier, and fiimiahed with exlensite 
surfaces, which, by a dexterous tilting or twisting (for the one 
implies the other), or by a sudden contraction and expansion, 
they apply wholly or in part to obtain the maximum of re- 
sistance in the one direction, and the minimum of displace- 
ment in the other. The change of shape, and the peculiar 
movements of the swimming surfaces, are rendered necessary 
by the fact, first pointed out by Sir Isaac Newton, that bodies 
or animals moidng in water and likewise in air experience a 
sensible resistance, which ia greater or less in proportion to 
the density and tenacity of the fluid and the figure, superficies, 
and velocity of the animal. 

To obtain the degree of resistance and non-resistance neces- 
eary for progression in wat«r. Nature, never at fault, has 
devised some highly ingenious expedients, — the Syringograde 
animals advancing by alternately sucking up and ejecting the 
water in which they are immersed — the Medusfe by a rhyth- 
mical contraction and dilatation of their nntshroom-sliaped 
disk — the Eotifera or wheel -animalcules by a vibratile action 
of their cUia, which, according to the late Professor Quekett, 
twist upon their pedicles so as alternately to increase and 
diminish the extent of surface presented to the water, as 
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happens in the feathering of an oar. A very similar plan u 
adopted by the Pteropoda, found in connileas multitudes in 
the northern eeas, which, according to Eschridil, use the 
*ing-like stmctureB situated rear the head after the manner 
of a double paddle, resembling in its general features that at 
present in use among the Greenlaiiders. The characteristic 
Koyement, however, and that adopted in by far the greater 
number of instances, is that commonly seen in the fish (figs. 
29 and 30) 
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^^ This, my readers are aware, consists of a lashing, curvi- 
Enear,orflaiI-)ike movement ofthe broadly expanded tail, vhich 
oscillates from side to side of the body, in some instances with 
immense speed and power. The muscles in the fiab, as has 
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been explained, are for this purpose anunged along the spinal 
column, and constitute the bulk of the anima!, it being a law 
that when the eitremitiea are wanting, as in the water-snake, 
or rudimeDtary, as in the fish, lepidosiren,* proteus, and 
axolotl, the muscles of the tnink are largely developed. In 
auch cases the onus of locomotion falls chiefly, if not entirely, 
npon the tail and lower portion of the body. The operatioa 
of this law is well seen in the metamorphosis of the tad- 
pole, the muscles of the trunk and tail becoming modified, 
and the tall itself disappearing as the limbs of the perfect 
frog are developed. The same law prevails in certain instances 
where the anterior extremities are comparatively perfect, 
but too small for swimming purposes, as In the whale, 
porpoise, dugong, and manatee, and where both anterior 
and posterior extremities are present but dwarfed, as in the 
crocodile, triton, and salamander. The whale, porpoise, 
dugong, and manatee employ their anterior extremities in 
balancing and turning, the great oi^an of locomotion being 
the tail. The same may be said of the crocodUe, triton, and 
salamander, all of which use their extremities in quite a sub- 
ordinate capacity as compared with the tail. The peculiar 
movements of the trunk and tail evoked in swimming are 
seen to most advantage in the fisli, and may now be briefly 
described. 

Swimming of the Fish, IFhnle, Porpoise, dc. — According to 
Borelli,^ and all who have written since his time, the &sh in 
swimming causes its tail to vibrate on either side of a given 
line, very much as a rudder may be made to oscillate by 
moving its tiller. The line referred to corresponds to the 
axis of the tish when it ia at rest and when its body is straight, 
and to the path pursued by the fish when it is swimming. 
It consequently represents the axis of the fish and the axis of 

1 The Irpidoiiren is famished with two tapering flexible Btem-like bodies, 
wbich dapend iVom the anterior ventral aspeut of the aaimsl, the tiren having 
in the same region two pairs of nidiniEjitaiy liinbB furniahed with fnnr Imper- 
fect toes, white the proleia has anterior extremities armed ivith tlirea toea 
eaiib, and a very raeble posterior eilremily terminating in two toes. 

■ BoMlU, " Dh motQ Ankaaliam," p1at« 4, tig. G, em. 4to, 2 vols, Bomie, 
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motion. According to this theory the tail, when flexed or _ 
citrved to make what is termed the back or non-etfective 
stroke, ia forced away from the imaginary line, its curved, 
concave, or biting surface being direeted outwards. When, 
on the other hand, the tail is extended to make what ia termed 
iths effective or forward stroke, it is urged towards the ima^ 

pnary line, its convex or non-biting surface being directed 

Dwarda (fig. 31). 




Fio. Sl.-SwlniDiinguftlieFisli.— lAllwUursllL) 

vFhen the tail Btrikea in the direction a i, the head of the 
h is said to travel in the direction e h. When the tail 
strikes in the direction g e, the head is Baid to travel in the 
direction c b; these movements, when the tail is urged witli 
anfficient velocity, causing the body of the fish to move in 
the line d c f. The explanation ia apparently a satis&ctory 
one ; but a cfffeful analysis of the swimming of tlie living fish 
induces me to believe it is incorrect. According to tbis, the 
commonly received view, the tail would experience a greater 
degree of resistance during the back stroke, i.e. when it ia 
flexed and carried away from the axis of motion (d cf) than 
it would during the forward stroke, or when it is extended 
and carried towards the axis of motion. This follows, because 
the concave surface of the tail is applied to the water during 
what is termed the back or non-effective stroke, and the con- 
surface during what is termed the forward or effective 
stroke. This is just the opposite of what actually happens, 
and led Sir John Lubbock to declare that there wiia a period 
in which the action of the tail dragged the lish backwards, 
which, of course, is erroneous. There ia this iiirther difficulty. 
When the tail of the fish is urged in the direction g e, the 



bead does not move in the direction f i as stated, but in the 
direction c h, the body of the fish describing the are of a 
circle, acli. This is a matter of observation. If a, fiab when 
resting suddenly forces its tail to one side and curves its 
body, the fish describes a curve in the water corresponding 
to that described by the body. If the concavity of the 
curve formed by the body is directed to the right side, 
the fish swims in a curve towards that side. To this there 
is no exception, as any one may readily satisfy himself, by 
watching the movements of gold fish in a vase. Observation 
and experiment have convinced me that when a fiab swims it 
never throws its body mto a single curve, i 
fig. 31, p. 67, but always into a double or figure-of-8 c 
shown at fig. 32.^ 
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The double curve is necessary to enable the fish to pr^^SP 
a convex or non-biting surface (c) to the water during flexion 
(the back stroke of authors), when the tail is being forced 
away from the axis of motion {a b), and a concave or biting 
suriMc (s) during extension (the forward or efieetive stroke of 
authors), when the tail is being forced with increased energy 
towards the axis of motion {a b) ; the resistance occasioned by 
a concave surface, when compared with a convex one, being In 
the ratio of two to one. The double or complementary curve 
into which the fish forces its body when swimming, is neces- 
sary to correct the tendency which the head of the fish has 
to move in the same direction, or to the same side as that 



' It Ig only wlien o fl»h ie tnrniag that it forces its tody ii 
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tow&rde which the tail curves. In awimming, the body of 
the fiah deacribea a waved track, but this can only be done 
vhen the head and tail travel in opposite directions, and on 
opposite eidea of a given line, as represented at fig. 33. 
The anterior and posterior portions of the fish alternately 
occupy the positions indicated at rf c and w v; the fish oscil- 
lating on either side of a given line, and gliding along by a 
ainuons or wave movement. 

I have represented the body of the fish as forced into two 
curves when swimming, as there are never less than two. 
These I designate the cephaKc (if) and caui'lal (c) curves, from 
their respective positions. In the long-bodied fishes, such as the 
eeis, the number of the curves is increased, but in every case 
the curves occur in pairs, and are complementary. The cephalic 
and caudal curves not only complement each other, but they act 
SB fulcra for each other, the cephalic curve, vrith the water seized 
by it, forming the^in( i^trppui for the caudal one, and vice versd. 
The fish in swimming lashes its tail from side to side, precisely 
as an oar is lashed from side to side in sculling. It therefore 
describes a figure-of-8 track in the water (fifffkijkl of 
fig. 32). During each sweep or lateml movement the tail is 
both extended and flexed. It is extended and its curve 
reduced when it approaches the line a 6 of fig. 32, and flexed, 
and a new curve formed, when it recedes from the line in 
question. The tail ia effective as a propeller both during 
flexion and extension, so that, strictly speaking, the tail has 
no back or non-effective stroke. The tenns effective and 
non-effective employed by authors are applicable only in a 
■comparative and restricted sense ; the tail always operating, 
but being a less effective propeUer, when in the act of being 
flexed or curi'ed, than when in the act of being extended or 
Btraightened. By always directing the concavity of the tail 
{s and () towards the axis of motion (a h) during extension, 
• and its convexity (c and v) away from the axis of motion {a h) 
during flexion, the fish exerts a maximum of propelling power 
with a m'"''"""i of slip. In extension of the tail the caudal 
curve (s) is reduced as the tail travels towards the line a b. 
In flexion a new curve (c) ia formed as the tail travels from 
the line a b. While the tall travels from £ in the direction ', 
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the head travels from d in the direction w. There ia there- 
fore a period, momentary it must be, wlien both the cephalic 
and caudal curves are reduced, and the body of the fish is 
straight, and iree to advance without impediment. The 
different degrees of resistance experienced by the tail in de- 
scribing its figure-of-8 movements, are represented by the 
different-sized curves ef,gh, ij,a,t\d A i of fig. 32, p. 68. The 
curves ef indicate the resistance experienced by the tail 
during flexion, when it is being carried away from and to the 
right of the line a h. The curves g h indicate the resistance 
experienced by the tail when it is extended and carried towards 
the line a b. This constitutes a half vibration or oscillation of 
the tail. The curves tj indicate the resistance experienced 
by the tail when it is a second time flexed and carried away 
from and to the left of the line a b. The curves k I indicate 
the resistance experienced by the tail when it ia a second 
time extended and carried towards the line a b. This consti- 
tutes a complete vibration. These movements are repeated 
in rapid succession so long as the fish continues to awim 
forwards. They are only varied when the fish wishes to turn 
round, in which case the tail gives single strokes either to 
the right or left, according as it wishes to go to the right or 
left side respectively. The resistance experienced by the tail 
when in the positions indicated by ef and ('_;' is diminished 
by the tail being slightly compressed, by its being moved 
more alowly, and by the fish rotating on its long axia bo as 
to present the tail obliquely to the water. The resistance 
experienced by the tail when in the positions indicated by 
gh, kl,is increased by the tail being divaricated, by its being 
moved with increased energy, and by the fish re-rotating on 
its long axis, so as to present the flat of the tail to the water. 
The movements of the tail are slowed when the tail is carried 
away from the line a b, and quickened when the tail is forced 
towards it. Nor is this all. When the taU is moved slowly 
away from the line a b, it draws a current after it which, 
being met by the tail when it is urged with increased velocity 
towards the line a h, enormously increases the hold which the 
Uii\ takes of the water, and consequently its propelling power. 
The tail may be said to work without slip, and to produce 
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the preci« kind of currents which afford it tlie 
leven^. In this respect the tail of the fish is infinitely 
■uperior as a propelling organ to any form of screw ]'et de- 
Tiaed. The screw at present employed in navigation ceases to 
be effective when propelied beyond a given speed. The 
screw formed by the tail of the fish, in virtue of its recipro- 
cating action, and the manner in which it alternately eludes 
and seizes the water, becomes more effective in proportion to 
the rapidity with which it is made to vibrate. The remarks 
jOow made of the tail and the water are equally apropos of the 
"\riug and the air. The tail and the wing act on a common 
principle, A certain analogy nmy therefore be traced be- 
tween the water and air as media, and between the tail and 
extremities as instruments of locomotion. From this it fol- 
lows that the water and air are acted upon by curves or wave- 
iressure emanating in the one instance from the tail of the 
ish, and in the other from the wing of the bird, the recipro- 
cating and opposite curves into which the tail and wing are 
thrown in swimming and flying constituting mobile helices 
or screws, which, during their action, produce the precise 
kind and degree of pressure adapted to fluid media, and 
to which they respond with the greatest readiness. The 
whole body of the fish ia thrown into action in swimming ; 
but as the tail and lower half of the trunk are more free to 
move than the head and upper half, wiiich are more rigid, 
and because the tendons of many of the trunk-muscles are 
inserted into the tail, the oscillation is greatest in the direction 
of the latter. The muscular movements travel in spiral waves 
from before backwards; and the wa,ves of force react upon the 
water, and cause the fish to glide forwards in a series of curves. 
Since the head and tail, as has been stated, always travel in 
opposite directions, and the fish is constantly alternating or 
ging sides, it in reality describes a waved track. These 
remarks may be readily verified by a reference to the swim- 
ming of the sturgeon, whose movements are unusually deli- 
berate and slow. The number of curves into which the body 
of the fish is thrown in swimming is increased in tlie long- 
bodied fishes, as the eels, and decreased in those whose bodies 
short or are comparatively devoid of flexibility. In pro- 
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portion as the curves into which the hody ia thrown in swira- 
ming are diminished, the degree of rotation at the tail or in 
the &aa is augmented, some fishee, as the mackerel, using the 
tail very much after the manner of a screw in a steam-ship. 
The fish may thus he said to drill the water in two directions, 
viz. from behind forwards by a twisting or screwing of the 
body on its long axis, and from side to side by causing its 
anterior and posterior portions to assume opposite curves. 
The peutoral and other fina are also thrown into curves when 
in action, the movement, as in the body itself, travelling iu 
spiral waves ; and it ia worthy of remark that the wing of 
the insect, bat, and bird obeys similar impulses, the pinion, as 
I shall altow presently, being easentially a. spiral organ. 

The twisting of the pectoral iins is well seen in the com- 
mon perch {Perca fluviatilis), and atill better in the I5-Bpined 
Stickleback (Gaslerodem sfinosm), which latter frequently 
progresses by their aid alone.^ In the stickleback, the pec- 
tor^ fins are so delicate, and are plied with such vigour, that 
the eye is apt to overlook them, particularly when in motion. 
The action of the fins can be reversed at pleasure, so that it 
ia by no means an unusual thing to see the stickleback pro- 
gressing tail first. The fins are rotated or twisted, and their 
free margiuH lashed about by spiral movements which closely 
resemble those by which the wings of insects are propelled,- 
The rotating of the fish upon its long axis is seen to advan- 
tage in the shark and sturgeon, the former of which requires 
to turn on its side before it can seize its prey,— and likewise 

^ The Sipipiathi, or PipeSsbes, awiiQ diiefly by the uiidulntiug movement 
of the dorsal fin. 

' If the pectoral fina are to lie Teganied as tho homologuPB of the anterior 
eitremities (which they unqaestioiuihl; are), it ia not Burpriaing that la them 
tlie Bpiiol rotatory movementa which «cs traceoMs in the extremities of 
quadrupeds, and eo fully developed In the winga of bats and binla, ahonld 
be cdesrly ftiroshadoved. " The iDuseles of the pealoral fins," rcmorka Pro- 
fsaaor Owen, " though, vben compared witb those of the homologouB mecn- 
bori in higher Tertebralea, Ihey are very Bmolt, few, and Bimple, yet suffice 
for all the requisite moTemeats at the Bqs — elevating, depressing, advancing, 
and again laying them prone and flat, hy an obliigue stroke, upon the sides of 
the boiiy. The rays or digits of both pectorals and ventrala (tho homolognea 
uf the posterior eltremitiee) con be divaricated and approximated, and the 
intervening webs spread out or folded up." — Op. cit. vol. i. p. 222. 
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in the pipefish, whose motions are unwontedly sluggish. 
The twisting of tlie tail is occasionally well marked in the 
■wimming of the salamander. In those remarltable mammals, 
the whale,^ porpoise, manatee, and dugong (figs. 33, 34, and 
85), the movements are strictly analogous to those of the fish, 




the only difierenca being that the tail acts from above down- 
■warda or vertically, instead of from aide to side or laterally. 
The anterior extremities, which in those animals are com- 
paratively perfect, are rotated on their long axes, and applied 
obliquely and non-obliquely to the water, to assist in balanc- 
ing and turning. Natation is performed almost exclusively by 
the tail and lower half of the trunk, the tail of the whale 
exerting prodigious power. 

It is otherwise with the Rays, where the hands are princi- 

" by Dr. Murie, 
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pally concerned in pK^ression, these flapping about in the 
■water very much aa the winga of a bird flap about in the air. 
In the beaver, the tail is flattened from above downwards, as 
in the foregoing mainmaJs, but in swiroming it is made to 
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act upon the water laterally as in the fish. The tail of the 
bird, which is also compressed from above downwards, can 
be twisted obliquely, and when in this position may be made 
to perform the office of a rudder. 

Swimminff of the Seal, Sea-Benr, and JFalnis. — In the seal, 
the anterior and posterior extremities are more perfect than 
in the ivliale, porpoise, dugong, and manatee; the general 
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form however and mode of progression (if the fact of its 
ovcasionaJly swimmint, on its back be taken into account) is 
tssentiallj fish hk 



rnOGRESSlON ON AXD IN THE WATER. "."i 

A peculiarity is met with in the Bwimming of the seal, t« 
which I think it proper to direct attention. When the lower 
portion of the hody and posterior extremities of these creatures 
are flexed and tilted, as happens during the back and least 
efl'eotive stroke, the naturally expanded feet are more or less 
completely closed or pressed together, in order to diminish 
the extent of surface presented to tlie water, and, aa a con- 
aeqnence, to reduce the resistance produced. The feet are 
opened to the utmost during extension, when the more effec- 
tive stroke is given, in which case they present their maximum 
of surface. They form powerful propellers, hoth during 
flexion and extension. 

The Bwinmiing apparatus of the seal is therefore more 
highly differentiated than that of the whale, porpoise, dugong, 
and manatee ; the natatory tail in these animals being, from 
its peculiar structure, incapable of lateral compression,* It 
■would appear that the swimming appliances of the seals (where 
the feet open and close as in swimming-birds) are to those of 
the sea-mammals generally, what the feathers of the bird's 
wing {these also open and close in flight) are to the continuous 
membrane forming the wing of the insect and bat. 

The anterior extremities or flippers of the seal are not 

gaged in swimming, hut only in balancing and in changing 
position. When so employed the fore feet open and close, 
though not to the same extent as the hind ones ; the resist- 
ance and non-resistance necessary being secured by a partial 
rotation and tilting of the flippers. By this twisting and 
Bntwisting, the narrow edges and broader portions of the 
flippers are applied to the water alternately. The rotating 
and tilting of the anterior and posterior extremities, and the 
opening and closing of the hands and feet in the balancing 
and swimming of the seal, form a series of strictly progressive 
and very graceful movements. They are, however, performed 
ao rapidly, and glide into each other so perfectly, as to render 
an analysis of them exceedingly difficult. 

' In n few instances the caudal fin of tha flsli, as lias lieen alreai^]' stated, 
i more or less pressed togrtlier during the 1iiii.'k strobe, the compreaaioa anil 
iltlns °^ twlstint; of the tail tnking place synchronously. 
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lu the Sea-Bear {Otaria jiibata) the anterior extremities 
attain sufBcient maguitude and power to enable the animal to 
progress by their aid alone j the feet and the lower portions of 
the body being moved only sufficiently to maintain, correct, or 
alter the course pursued (fig. 73). The anterior extremities are 
flattened out, and greatly resemble wings, particalarly those of 
the penguin and auk, which are rudimenta,Ty in character. 
Thus they have a thick and comjaratively stiif anterior 
margin ; and a thin, flexible, and more or less elastic posterior 
niai^n. They are screw structures, and when elevated and 
depressed in the water, twist and untwist, screw-fashion, 
precisely as wings do, or the tads of the fish, whale, dogoDg; 
and n 




lugm^ 



This remarkable creature, which I have repeatedly watched 
at the Zoological Gardens' (London), appears to fly in the 
water, the universal joints by which the arms are attached to 
the shoulders enabling it, by partially rotating and twisting 

' The unuBoal opportunitiea sffordcd by this unriTslIed ooUactiDn have 
enabled me to datsrmiUB with eonaidenible acciuooy the moyementa of tlie 
Tftrions knd-snimais, as well ae the motions of tlie wings and feet of birds, 
botb in and out of the water. I liare also studied under the most favour- 
(tUc circumBtanceg the movemeiiUi of the otter, aea-beor, seal, walrus, porpotse, 
turtle, tritnn, crocodile, frog, lejiidoslreii, protBus, aiolotl, and the Bsvetvl 
orders of Bekea. 



pkogheSsion on akd in the water. 



77 



fchetn, to present the palms of flat of the handa to the water 
the one instant, and the edge or narrow parts the next. In 
swimming, the anterior or thick margins of the flippers are 
t^rected downwards, and similar remarks are to be made of the 
Hnterior extremities of the walrus, great auk, and turtle.^ 

The flippers are advanced sltemately ; and the twisting, 
Krew-liko movement which they exhibit in action, and which 
I have carefttlly noted on several occasions, bears considerable 
lesemblance to the motions witiiesseii in the pectoral fins of 
fishes. It may be remarked that the twisting or spiral move- 
raenl^ of the anterior extremities are calculated to utilize the 
water to the ulmost~-the gradual but rapid operation of the 
helix enabling the animal to lay hold of the water and dis- 
entangle itself with a^onishing facility, and with the mini- 
mum expenditure of power. In fact, the insinuating motion 
of the screw is the only one which can contend successfully 
with the liquid element; and it appears to me that this 
remark hoJds even more true of the air. It also applies 
within certain limits, as has been explained, to tlie land. 
The otaria or sea-bear swims, or rather flies, under the water 
with remarkable address and with apparently equal ease in 
an upward, downward, and horizontal direction, by muscular 
efforts alone — an observation which may likewise be made 
regarding a great number of fishes, since the swimming- 
bladder or float is in many entirely absent,* Compare with 
■js. 33, 34, 35, and 3C, pp. 73 and 74. The wabris, a living 
specimen of which I had an opportunity of Ireqnently examin- 
ing, is nearly allied to the seal and sea-bear, but differs from 
both as regards its manner of swimming. The natation of this 
and singularly interesting animal, as I have taken great 
.])ains to satisfy myself, is effected by a mixed movement— the 
anterior and posterior extremities participating in nearly an 
'equal degree. The anterior extremities or flijipers of the 
Walrus, morphologically resemble those of the seal, but physio- 
logically those of the sea-bear ; while the posterior extremities 

This b the reveras of wlmC tnkea plncB in f .vii^g, the nnterior or thict 
.Vutrglnit of the winga heing invariably directed upismtU. 

' Thenir-blBcldar is wanting in t!ia!lernio]iIeri, plngioalonii, nnd pleiiroutr- 
■Jij^-r-Oweii, ep. ciL ji, 25S. • 



poEseBs many of the pecuHaritiea of the hiiid legs of the sea- 
bear, but display the movements peculiar to those of the seal. 
In other words, the anterior extremitieB or flippers of the 
walrus are moved alternately, and reciprocate, as in the sea- 
bear; whereas the posterior extremities are lashed from side 
to side by a twisting, curvilinear motion, precisely as in the 
seaL The walrus may therefore, as far as the physiology of 
ta extremities is concerned, very properly be regarded as 
holding an intermediate position between the seals on the 
one hand, and the sea-bears or sea-lions on the other. 

Swimming of Man. — The swimming of man is artificial in 
its nature, and consequently does not, strictly speaking, fall 
within the scope of the present work. I refer to it princi- 
pally with a view to showing that it resembles in its general 
features the swimming of animals. 

The human body is lighter than the water, a fact of con- 
siderable practical importance, as showing that each has in 
himself that which will prevent his being drowned, if he will 
only breathe naturally, and desist from struggling. 

The catastrophe of drowning is usually referrible to nervous 
agitation, and to spasmodic and ill-directed efTorts in the 
extremities. All swimmers have a vivid recollection of the 
great difficulty experienced in keeping themselves afloat, when 
they first r^orted to aquatic exercises and amusements. In 
especial they remember the short, vigorous, but flurried, mis- 
directed, and consequently futile strokes which, instead of 
enabling them to skim the surface, conducted them iuevitably 
to the bottom. Indelibly impressed too are the inefieetual 
attempts at respiration, the gasping and puffing and the swal- 
lowing of water, inadvertently gulped instead of air. 

In order to swim well, the operator must be perfectly calm. 
He must, moreover, know how to apply his extremities to the 
water with a view to propulsion, As already stated, the body 
will float if left to itself; the support obtained is, however, 
greatly increased by projecting it along the surface of the 
water. This, as all swimmers are aware, may be proved by 
experiment. It is the same principle which prevents a thin 
fiat stone from slaking when projected with force against the 
surface of water. A precisely similar result is obtained if the 
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K)dy be placed slantingly in a strong current, and the hands 
le to grasp n stone or branch. In tiiis case the body Is 
ed to the surface of the stream by the action of the run- 
g water, the body remaining motionleas. The quantity of 
rater which, under the circumstaaces, impinges against the 
>dy in a given time is much greater than if the body was 
imply immersed in still water. To increase the area of sup- 
i, either the supporting medium or the body supported 
iDst move. The body is supported in water very much as 
be kite is supported in air. In both cases the body and the 
ate are made to strike the water aud the air at a slight 
Ipward angle. When the extremities are made to move in 
1 horizontal or slightly downward direction, they at once 
ffopel and support the body. When, however, they are made 
o act in an upward direction, as in diving, they submerge 
" e body. This shows that the movements of the swimming 
rfaces may, according to their direction, either augment or 
lestroy buoyancy. The swimming surfaces enable the seal, 
t-bear, otter, ornitborhynchus, bird, etc., to disappear from 
i regain the surface of the water. Similar remarks may 
made of the whale, dugong, manatee, and fish. 
Man, in order to swim, must learn the art of swimming. 
He must serve a longer or shorter apprenticeship to a new 
farm of locomotion, and acquire a new order of movements. 
[t is otherwise with the majority of animals. Almost all 
quadrupeds can swim the first time they are immersed, 
i may readily be ascertained by throwing a newly bom 
[itten or puppy into the water. The same may be said of 
he greater number of birds. This is accounted for by the fact 
1 quadrupeds and birds are lighter, bulk for bulk, than 
rater, but more especially, because in walking and running 
' B movements made by their extremities are precisely those 
required in swimming. They liave nothing to learn, as it 
I. They are buoyant naturally, and if they move their 
s at all, which they do instinctively, they swim of neces- 
lity. It is different with man. The movements made by 
um in walking and running are not those made by him in 
swimming ; neither is the position resorted to in swimming 
libat which characterizes him on land. The vertical position 




i tJK' M M W tg ii ^i t ilfc conseqnenee, he requirea 
t mi WiBUllUJ- * horizontal one ; he requires, id 
fiMt, to throw himself flat upon the water, either upon his 
side, or upon his dorsal or ventral aspect. This position 
assimilates him to the quadruped and hird, the &h, and 
ereiything that sndms ; the tranks of all Bmmming animals 
heing placed in a prone position. AVhenever the horizontal 
position is assumed, the swimmer can advance in any^ direc- 
tion he pleases. His extremities are quite free, and only 
require to be moved in definite directions to produce definite 
results. The body can be propelled by the two arms, or the 
two legs ; or by the right, arm and leg, or the left; arm and 
leg; or by the right arm and left leg, or the left arm and 
right 1^. Most progress is made when the two arms and 
the two legs are employed. An ejcpert swimmer can do 
whatever he chooses in water. Thus he c,in throw himself 
upon his back, and by extending his arms obliquely above his 
head until they are in the same piano with his body, can 
float without any exertion whatever ; or, maintaining the 
floating position, he can fold his anna upon his chest and by 
alternately flexing and extending his lower extremities, can 
propel himself with ease and at considerable speed ; or, keeping 
his legs in the extended position and motionless, he can pro- 
pel himself by keeping his arms close to his body, and causing 
his hands to work like sculls, so as to make figure-of-8 loops 
in the water. This motion greatly resembles that made by 
the swimming wings of the penguin. It is moat effective 
when the bands are turned slightly upwards, and a greater or 
less backward thrust given each time the hands reciprocate. 
The progress made at first is slow, but latterly very rapid, 
the rapidity increasing according to the momentum acquired. 
The swimmer, in addition to the foregoing methods, can 
throw himself upon his face, and by alternately flexing and ex- 
tending his arms and lef^. can float and pro])el himself for long 
periods with perfect safety and with comparatively little exer- 
tion. He can also assume the vertical position, and by remain- 
ing perfectly motionless, or by treading the water with his 
feet, can prevent himself from sinking ; nay more, he can turn 
a somersault in the water either in a forward or baokward 
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direction. The position most commonly aseuraed in swiro- 
ming ia the prone one, where the ventral sui4Me of the body 
'a directed towards the water. In this case the anterior and 
posterior extremities are stniultaneoualy flexed and drawn 
towards the body slowly, after which they are fiimultaneously 
and rapidly extended. The swimming of the frog conveys an 
idea of the movement.^ In ordinary swimming, when the 
anterior and posterior extremities aie simultaneously flexed, 
and afterwards simultaneously extended, the bands and feet 
describe four ellipses ; an arrangement which, as explained, 

ncreases the area of support fumisJied by the moving parts. 

The eUipsea are shown at fig. 38 ; the continuous lines rcpre- 

tenting extension, the dotted lines flexion. 




V 



Thns when the arms and legs are pushed away from the 
jody, the arms describe the inner sides of the ellipses (fig. 
88, a a), the legs * describing the outer sides (e c). When the 
s and legs are drawn towards the body, the anna describe 
he outer aides of the ellipses (6 6), the legs describing the 
""ineraidesfi/rf). As the body advances, the ellipses are opened 
^t and loops formed, as at e«,//of fig. 39. If the speed 
ittained is sufficiently high, the loops are converted into 

The frog in animniing leianrely frwinenllj mijiea il3 eitreniitiea to move 

gouftll)' aai ■Jtemalel]'. When, howerer, pnraneil nnd alsrniEd, it Jolds 

fore legs, and tanaes its hind ones to move eimultaneonBlj- and witb great 

by a eeries of sodden ^etka, Eimilar to those made by man when 
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waved Uhcb, as in walking and flying. — (Fide gg, hkoi fig. 
40, p. 81, and compare with fig. IS, p. 37, and figs, 71 and73, 
p. 144.) The Bwimming of man, like the walking, Bwimming, 
and flying of animals, is effected by alternately flexing and 
extending the limba, aa shown more particularly at fig. 41, 




By alternately flexing and extending the limbs, the angles 
made by their several parts with each other are decreased 
and increased, — an arrangement which diminishes and aug- 
ments the degree of resistance experienced by the swinuning 
surfaces, which by tliis means are made to elude and seize 
the water by tume. This result is further secured by the 
limbs being made to move more slowly in flexion than in 
extension, and by the limbs being made to rotate in the 
direction of their length in such a manner as to diminish tbe 
resistance experienced during the former movement, and 
increase it during the latter. When the arms are extended, 
the palms of the hands and the inner surfaces of the arms 
are directed downwards, and assist in buoying up the 
anterior portion of the body. The hands are screwed 
slightly round towards the end of extension, the palms acting 
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in an outward and backward direction (fig. 41, B). In this 
movement the posterior surfaces of the arms take part ; the 
palms and posterior portions of the arms contributing to the 
propulsion of the body. When the arms are flexed, the flat 
of the hands is directed downwards (fig. 41, G), Towards 
the end of flexion the hands are slightly depressed, which has 
the effect of forcing the body upwards, and hence the bobbing 
or vertical wave-movement observed in the majority of swim- 
mers.^ 

During flexion the posterior surfaces of the arms act 
powerfully as propellers, from the fact of their striking the 
water obliquely in a backward direction. I avoid the terms 
hack and forward strokes, because the arms and bands, so long 
as they move, support and propel. There is no period either 
in extension or flexion in which they are not efiective. 
"When the legs are pushed away from the body, or extended 
(a movement which is effected rapidly and with great energy, 
as shown at fig. 41, B), the soles of the feet, the anterior sur- 
faces of the legs, and the posterior surfaces of the thighs, are 
directed outwards and backwards. This enables them to 
seize the water with great avidity, and to propel the body 
forward. The efficiency of the legs and feet as propelling 
organs during extension is increased by their becoming more 
or less straight^ and by their being moved with greater 
rapidity than in flexion ; there being a general back-thrust of 
the limbs as a whole, and a particular back-thrust of their 
several parts.^ In this movement the inner surfaces of the 
legs and thighs act as sustaining organs and assist in floating 
the posterior part of the body. The slightly inclined position 
of the body in the water, and the forward motion acquired in 
swimming, contribute to this result. When the legs and feet 
are drawn towards the body or flexed, as seen at fig. 41, C, A, 

The prDrosKionil Bwimnei aToids liobbiog, and rests the side of hia head 

Jia water to diminiah its wsight and increaaa epEed. 

Tba greater power possessed by tha limbs during extension, and more 
eapaoiallf towards tbe end of eitenaion, is veil illustrated by the Iciuk of 
tba horse ; tbe hind feet dealing a terrible blow when tliey have reached their 
maximem distnnee from the body. OstleTS ure well aivare of this fatt, and 
in grooming a liorse keep always very eiose to his hind quarters, so that if 
be does throw up tbe; are forced back but not iigured. 
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their movenipnts are slowed, an arrangement which reduces 
the degioe of friction experienced by the several parts of the 
limbs when they are, as it were, being drawn off the water 
preparatory to a second extension. 

There are several grave objections to the ordinary or old 
method of Bwimmjng just described. 1st, The body is laid 
prone on the water, which exposes a large resisting surface 
(fig. 41, A, B, C, p. 83), 2d, The arms and lega are spread 
oat on eitber aide of the tnink, so that they are applied very 
indirectly aa propelhng oT^ans (fig. +1, B, C). 3i/, The most 
effective part of the stroke of tlie arms and legs corresponds 
to something like a quarter of an ellipse, the remaining three 
quarters being dedicated to getting tbe arms and legs into 
position. This arrangement wastes power and greatly in- 
creases friction ; the attitudes assumed by the body at B and 
f of fig. il beiiig the worst possible for getting through the 
water. 4th, The arras and legs are drawn towards the trunk 
the one instant (fig. 41, A), and pushed away from it the next 
(fig. 41, j5). This gives rise to dead points, there being a 
period when neither of the extremities are moving. The 
body ia consequently impelled by a series of jerks, the swim- 
ndng mass getting up and losing momentnm between the 
strokes. 

In order to remedy these defects, scientific swimmers have 
of late years adopted quite another method. Instead of 
working the arms and legs together, they move first the arm 
and leg of one side of the body, and then the arm and leg of 
the opposite aide. This is known as the oeerliiind movement, 
and corresponda exactly with the natural walk of the giraffe, 
the amble of the horse, and the swimming of the sea-bear. 
It ia that adopted by the IniUans. In this mode of swimming 
the body ia thrown more or less on its aide at each stroke, 
the body twisting and rolling in the direction of its length, 
as shown at fig. 42, an arrangement calculated greatly to 
reduce the amount of friction experienced in forward motion. 

The overhand movement enables the swimmer to throw 
himself forward on the water, and to move his anna and legs 
in a nearly vertical instead of a horizontal plane; the ex- 
tremities working, aa it were, above and beneath the trunk, 



lie trunk, | 




rather than on either Bide of it. The extremities are con- 
sequently employed in the best manner possible for developing 
their power and reducing the friction to forward motion 
caused by their action. This arrangement greatly increases 
the length of the eH'ective Btroke, both of the arms and legs, 
this being equal to nearly half an ellipse. Thus when the 
left arm and leg are thrust forward, the arm describes the 
curve a b (fig. 42), the leg e describing a similar curve. As 
the right side of the body rirtually recedes when the left 
side advances, the right arm describes the curve c d, while 
the left arm is describing the curve ah; the right leg / 
describing a curve the opposite of that described by e (com- 
pare arrows). The advjuicing of the right and left sides of 
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ihe body alternately, in a nearly straight line, greatly con- 
tributes to continuity of motion, the impulse being apphed 
now to the right side and now to the left, and the limbs 
being disposed and worked in such a manner as in a great 
measure to reduce friction and prevent dead points or halts. 
"When the left arm and leg are being thrust forward (a 6, e 
J. 42), the right arm and leg strike very nearly directly 
backward (c d, f of fig. 42). The right arm and leg, and the 
tesiatance which they experience from the water consequently 
form a point d^appui for the left arm and leg ; the two aides 
of the body twisting and screwing upon a moveable fulcrum 
(the water) — an arrangement which secures a maximum of 
propulsion with a minimum of resistance and a minimum of 
«Iip. The propulsive power is increased by the concave surfaces 
«f the hands and feet being directed backwards during the back 
stroke, and by the arms being made to throw their back 
water in n slightly outward direction, so as not to impede 
tlie advance of the legs. The oveiliaud method of swimming 
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U the moat expeditions yet discovered, but it is fatiguing, and 
can only be indulged in for short distances. 

An improvement on the foregoing for long distances is 
that known as the side strolio. In this method, as the term 
indicates, the body is tlirown more decidedly upon the side. 
Eitlier aide may be employed, some preferring to swim on tte 
right side, and some on the left ; others swimming alternately 
on the right and left aides. In swimming by the side stroke 
{say on the left aide), the left arm is advanced in a curve, 
and made to describe the upper aide of an ellipse, as repre- 
sented at a t of fig. 43. This done, the right arm and legs are 
employed as propellers, the right arm and legs malting a 
powerful backward stroke, in which the concavity of the hand 
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is directed backwards and outwards, as shown at c d of the 
same figure.^ The right arm in this movement describes 
the under side of an ellipse, and acts in a nearly vertical 
plane. When the right arm and legs are advanced, some 
swimmers lift the right arm out of the water, in order to 
diminish friction — the air being more easily penetrated 
than the water. The lifting of the arm out of the water 
increases the speed, but the movement is neither gracefiil 
nor comfortable, as it immerses the head of the swimmer 
.■it each stroke, Others keep the right arm in the water 
and extend the arm and hand in such a manner as to 
cause it to cut straight forward. In the side stroke the left 
arm (if the operator swims on the left side) acts as a cutwater 
(fig. 4:3, b). It is made to advance when the right arm 

' Tlie outward iliTcction Riven to the iinii and hnnd enaliles them to forea 
away tha buck water from tha body nnd limbs, und so rednce the ftiction to 
fWard motion. 
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•and legs are forced badcwarde (fig. 43, c d). The right arm 
and legs move together, and alternate with the left arm, 
which moves by itself. The right arm aud legs are flexed 
and carried forwards, while the left arm is extended and 
forced backwards, and vice vtrsd. The left arm always moves 
. opposite direction to the right arm and legs. We have 
thus in the side stroke three limbs moving together in the 
flame direction and keeping time, the fourth limb always 
moving in an opposite direction and out of time with the 
other three. The limb which moves out of time is the left 
if the operator swims on the left side, and the right one 
e swims on the right aide. In swimming on the left 
side, the right arm and legs are advanced slowly the one 
instant, and forced in a backward direction with great energy 
and rapidity tlie next. Similar remarks are to be made re- 
'arding the left arm. Wlien the right arm and legs strike 
Ktckwards they communicate to the body a powerful forward 
pulse, which, seeing the body is Ulted upon its side and 
advancing as on a keel, transmits it t« a considerable distance. 
This arrangement reduces the amount of resistance to forward 
motion, conserves the energy of the sivimnier, and secures in a 
jreat measure continuity of movement, the body being in the 
wst possible position for gliding forwM^ between the strokes, 
In good side swimming the legs are made to divei^e 
■widely when they are extended or pushed away f om the 
body, so aa to include within them a fluid wedge, the ipex of 
which is directed forwards. When lully extended, the legs 
are made to converge in such a manner that they force the 
body away from the wedge, and so contribute to its propul- 
sion. By this means the legs in extension are made to 
give what may be regarded a double stroke, viz. an outward 
and inward one. When the double move has been made, 
the le^ are flexei] or drawn towards the body preparatory to 
a new stroke. In swimming on the left side, the left or 
cutwater arm is extended or pushed away from the body in 
such a manner that the concavity of the left hand is directed 
forwards, and describes the upper half of a vertical ellipse. 
it tlius meets with comparatively little resistance from the 
water. When, however, the left arm is fiexed and draivn 
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towards the body, the concavity of the left hand U directed 
backwards and made to describe the under half of the ellipse, 
so as to scoop and seize the water, and thus contribuW to the 
propulsion of the body. The left or cutwater arm materially 
assists in, floating the anterior portions of the body. The 
stroke made by the left arm is equal to 'a quarter of a circle, 
that made by the right arm to half a circle. The right 
arm, when the operator swims upon the left aide, is con- 
sequently the more powerful propeller. The right arm, 
like the left, assiEte in supporting the anterior portion of 
the body. In swimming on the left side the major pro- 
pelling factors are the right arm and hand and the right 
and left legs and feet. Swimming by the aide stroke is, 
on the whole, the most useful, graceful, and eff'ectiva yet 
devised. It enables the swimmer to make headway against 
wind, wave, and tide in quite a remarkable manner. In- 
deed, a dexterous side-stroke swimmer can progress when 
a powerful breast-swimmer would be driven back. In 
still water an expert noa-professional swimmer ought to 
make a mile in from thirty to thirty-five minutes. A pro- 
fessional swimmer may greatly exceed this. Thus, Mr. J. B. 
Johnson, when swimming against time, August 5th, 1872, in 
the iresh-water lake at Hendon, near London, did the full 
mile in twenty-six minutes. The first half-mile was done in 
twelve minutes. Cxteris paribus, the shorter the distance, the 
greater the speed. In August 1868, Mr. Harry Parker, a 
well-known professional swimmer, swam 500 yards in the 
Serpentine in seven minutes fifty seconds. Among non- 
professional swimmers the performance of Mr. J. B, Booth 
is very creditable. This gentleman, in June 1871, swam 
440 yards in seven minutes fourteen seconds in the fresh- 
water lake at Hendon, already referred to. I am indebted 
for the details regarding time to Mr, J. A. Cowan of 
Edinburgh, himself acknowledged to be one of the fastest! 
swimmers in Scotland. The speed attained by man in the 
water is not great when his size and power are taken intr 
account. It certainly contrasts very unfavourably with thai 
of seals, and still more unfavourably with that of fishes. 
This is due to his small hajida and feet, the slow movementa 
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lof his armB and legs, and the awkw-ard mannct in which thvy 
»re applied to and withdrawn from the water, 

SwimToiDQ of Ute Turtle, Triton, Vi'oaid'th, ek. — The swini- 
ffiing of the turtle differs in some respects from all the other 
" inns of swimming. While the anterior e.Ytremities of this 
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aunt ardma,! move alternately, and tilt or partially rotate 
luiBg their Extion, as in the sea-bear and walrus, the posterior 




Bxtremitiea likewise move by turns. As, moreover, the right 
iinterior and left posterior extremities move together, and re- 
ciprocate with the left anterior and right posterior ones, the 
CTeature has the appearance of walking in the water (fig, 44). 



The same remarks apply to the raovementa of the extremi- 
ties of the triton (fig. 45, p. 89) and crocodile, when swimming, 
and to the feebly developed corresponding membera in the 
lepidosiren, protens, and axolotl, specimens of all of which are 
to be seen in the Zoological Society's Gardens, London. 
In the latter, natation is effected principally, if not altogether, 
by the tail and lower half of the body, which ia lai^ely de- 
veloped and flattened laterally for this purpose, as in the fish. 

The muscular power exercised by the fishes, the cetaceans, 
and the seals in swimming, is conserved to a remarkable 
extent by the momentum which the body rapidly acquires — 
the velocity attained by the mass diminishing the degree of 
exertion required in the individual or integial parts. This 
holds true of all animals, Tyhether they move on the land or 
on or in the water or air. 

The animals which fiirntsb the connecting link between 
the water and the air are the diving-birds on the one hand, 
and the flyiog-fishea on the other, — the former using their 
wings for flying above and through the water, as occasion 
demands; the latter sustaining themselves for considerable 
intervals in the air by means of their enormous pectoral fins. 

Fliglii under water, etc. — Mr. Macgillivray thus describes a 
flock of red mergansers which he observed pursuing sand-eels 
in one of the shallow sandy bays of the Outer Hebrides : — 
" The birds seemed to move under the water with almost as 
much velocity as in the air, and often rose to breathe at a 
distance of 200 yards from the spot at which they had 
dived. "^ 

In birds which fly indlaoriminately above and beneath the 
water, tlie wing is provided with stiff feathers, and reduced 
to a minimum as regards size. In subaqueous flight the 
wings may act by themselves, as in the guillemots, or in con- 
junction with the feet, as in the grebes,'^ To convert the 
' Hirtory of British Birda, vol. i. p. i$, 

' Tlie gnaioniuU In diTlng do not nse tliair feet ; bo that they literallf fly 
BOilor the water. Their wings for tlii» purpose are reiluced to the amnlleat 
poiaiblB dimensiona consistent with fliglit. The loons, on the other hand, 
while tliey employ their feot, rarely, if ever, wsa tlitir wingB. The snb- 
ncineoiis progrcsaioH of the grebe reBenibleB that of the rog.— Cuvier'i Animal 
Kingdom, Lunil. 1340, pp. 252, 253. 
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tng into a powerful oar for swimming, it is only necessary 
to extend and flex it in a slightly backward direction, the 
mere act of extension causing the feathers to roll down, and 
giving to the back of tlie wing, which in tiiis case communi- 
,cate3 the more effective stroke, the angle or obliquity neces- 

■y for sending the animal forward. This angle, I may 
irvB, corresponds with that made by the foot during ex- 

Lsion, so that, if the feet and wings are both employed, 
they act in harmony. If proof were wanting that it is the 
back or convex surface of the wing which gives the more 
effective stroke in subaquatic flight, it would be found in the 
.fact that in the penguin and great auk, which are totally in- 
of flying out of the water, the wing is actually twisted 
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Ftound in order that the concave surface, which taJtes a better 
hold of the water, may be directed backwards (fig. 46).' The 
thick margin of the wing when giving the effective stroke 
is turned downwards, as happens in the flippers of the 
sea-bear, walrus, and turtle. This, I need scarcely remark, is 
precisely the reverse of what occurs in the ordinary wing in 
aerial flight. In those extraordinary birds (great auk and 
penguin) the wing is covered with short, bristly-looking 

■ feathers, and is a mere rudimeut and exceedingly I'igid, the 
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movement which wields it emanatiug, for the moat part, from 
the shoulder, where the articulation partakes of the nature of 
a universal joint. The wing is beautifully twisted upon itself, 
and when it is elevated and advanced, it rolls up from the 
side of the bird at varying degrees of obliquity, till it makes 
a right angle with the body, when it presents a namne or 
CMtling edge to the water. The wing when fully extended, 
as in ordinary Sight, makes, on the contrary, an angle of 
something like 30° with the liorizon. When the wing is 
depressed and carried backwards,' the angles which its under 
surface make with the surface of the water are gradually 
increased. The wing of the penguin and auk propels both 
when it is elevated and depressed. It acts very much after 
the manner of a screw; and this, as I shall endeavour to 
show, holds true likewise of the wing adapted for aerial flight 
Differen.ce belween Subaqfiaiic and Aerial Flight — The differ- 
ence between aubaquatic flight or diving, and flight proper, 
may be briefly stated. In atrial flight, the most effective 
stroke is delivered dovmvxmis and fiyrwaris by the under, 
concave, or biting surface of the wing which is turned in this 
direction ; the less effective stroke being delivered in an up- 
ward and forward direction by the upper, convex, or non- 
biting surface of the wing. In subaquatic flight, on the 
contrary, the most effective stroke is delivered dovinwards b-tiA 
backwards, the least effective one upwards and forwards. Li 
aerial flight the long axis of the body of the bird and the 
short axis of the wings are inclined slightly upwanis, and make 
a formard angle with the horizon. In subaquatic flight the 
long axis of the body of the bird, and the short axis of the 
wings are inclined slightly downwaids and make a backward 
anglewiththe surface of the water. The wing acts more or lesa 
efficiently in every direction, as the tail of the fish does. The 
difference noted in the direction of the down stroke in flying 
and diving, is rendered imperative by the fact that a bird which 
flies in the air is heavier than the medium it navigates, and 
must be supported by the wings ; whereas a bird which flies 
under the water or dives, is lighter than the water, and must 
In alau diilivuitid duriu^ ticxion iii tlie shriaip, prawu. 
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force itself into it to prevent its being buoyod up to the sur- 
face. However paradoxical it may Beem, weight is necessary 
to aerial flight, and !mtt/ to su>«iquatic flight, A bird destined 
to fly above the water is provided with travelling surfaces, so 
faahioned and so applied (they strike from above, dovmwaitis 
and fm-wm-ds), that if it was lighter than the air, they would 
carry it off into space without the possibility of a return ; in 
other words, the action of the wings would carry the bird 
obliquely upwards, and render it quite incapable of flying 
either in a horizontal or downward direction. In the same 
way, if a bird destined to fly under the water (auk and pen- 
guin) was not lighter than the water, sucli is the configuration 
and mode of applying its travelling surfaces (they strike from 
above, downwards and backwards), they would carry it in the 
direction of the bottom without any chance of return to the 
surface. In aerial ilight, weight is the power which nature 
has placed at the disposal of the bird for regulating its alti- 
tude and horizontal movements, a cessation of the play of ita 
wings, aided by the inertia of its trunk, enabling the bird to 
approach the earth. In subaquatic flight, levity is a power 
fiimished for a similar but opposite purpose ; this, combined 
with the partial slowing or stopping of the wings and feet, 
enabling the diving bird to regain the surface at any moment. 
Levity and weight are auxihary forces, but they are necessary 
forces when the habits of the aerial and aquatic birds and the 
form and mode of applying their travelling surfaces are taken 
into account. If the aerial flying bird was lighter than the air, 
ita wings would require to be limskd Toand to resemble the diving 
wings of the penguin and auk. If, on the other hand, the diving 

»bird (penguin or auk) was heavier than the water, its wings 
would require to resemble aerial wings, and they would require 
to strike in an opposite direction to that in which they strike 
normaDy. From this it follows that weight is necessary to the 
bird (as at present constructed) destined to navigate the air, 
and levjly to tliat destined to navigate the water. If a bird 
was made very lai^e and very light, it is obvious that the 
^1 diving force at its disposal would be inadequate to submerge 
^H it, If, again, it was made very small and very heavy, it is 
^H equally plain that it could not Sy. I^ature, however, has 
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e same reason, she has furnished the diving hird wicli 
I a, certain degree of buoyancy, and the flying bird with a cer- 
I tain amount of weight — levity tending to bring the one to 
I the Eurface of the water, weight the other to the surface of 
I the earth, which is the normal position of rest for both. Tlie 
I action of the subaqnatic or diving wing of the king penguin 
lie well seen at p. 94, fig. 47. 

From what has been stated it will be evident, that the 
[wing acta very differently in and out of the water; and this 

■ IB a point deserving of attention, the more especially as it 

■ seems to have hitherto escaped obsen'ation. In the water 
I tiie wing, when moat effective, striiea downwards and backifards, 
vand acts as an auxihary of the foot ; whereas in the air it 
I'Btrikes downwards and forwards. The oblique surfaces, spiral 
for otherwise, presented by animals to the water and air are 

therefore made to act in opposite directions, as far as the 

down strokes are concerned. This is owing to the greater 

density of the water as compared with the air, — the former 

supporting or nearly supporting the animal moving upon or 

LjQ it ; the latter permitting the creature to fall through it in a 

Kdownward direction during the ascent of the wing. To conn- 

teract the tendency of the bird in motion to fall downwards 

Kjud forwards, the down stroke is delivered in this direction ; 

Bthe kite-like action of the wing, an.d the rapidity with which 

5 moved causing the mass of the bird to pursue a more 

|or less horizontal course. I offer this explanation of the 

iction of the wing in and out of the water after repeated and 

reful observation in tame and "wild birds, and, as I am 

re, in oppiBition to all previous writers on the subject. 

The rudimentary wings or paddles of the penguin (the 

I Jnovements of which I had an opportunity of studying in a 

l;tame specimen) are principally employed in swimming and 

Bering. The feet, which are of moderate size and strongly 

■ webbed, are occasionally used as auxiliaries. There is this 

■ difference between the movements of the wings and feet 

■ of this most curious bird, and it is worthy of attention. 
BThe wings act together, or synchronously, as in flying birds; 
I the feet, on the other hand, ai'e moved alternately. The 
liriugs are wielded with great energy, and, because of their 
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semi-rigid condition, are incapable of expansion. They there- 
fure present their maxinmm and minimum of surtiwe by 
^ partial rotation or tilting of the pinion, as in the walrus, 
sea-bear, and turtle. The feet, which are moved with less 
vigour, are, on the contrary, rotated or tilted to a very slight 
extent, the increase and dijninution of surface being secured 
by the opening and closing of the memhraucras expansion or 
web betwsen the toes. In this latter respect they bear a cer- 
tain analogy to the feet of the seal, the toes of which, as has 
been explained, spread out or divaricate during extension, 
and the reverse. The feet of the penguin entirely differ 
from those of the seal, in being worked separately, the 
foot of one side being Sexed or drawn towards tlie body, 




w hde its fellow is lieing extended or pushed away from it 
The feet, moreo\ er, describe definite curves in opposite direc- 
tions, the nght foot proceeding from within outwards, and 
from above downwards dunng extension, or when it is fully 
exjianded and ^ving the effective stroke ; the left one, which 
is moving at tlie same time, proceeding from without in- 
wards and from below upwards during flexion, or when it is 
folded np, as happens during the hack stroke. In the acts of 
extension and flexion the legs ars slightly rotated, and the 
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' feet more or less tilted. The same movementa are seen in tlie 
feet of the swan, and in thosa of swimming birds generally 
(fig. 48). 

One of the most exquisitely constructed feet for swimnring 
and diving purposes la that of Uie grebe (fig. 49). This foot 
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I consists of three swimming toes, each of which is provided 
I with a membranous expansion, which closes when the foot is 
ng drawn towards the body during the back stroke, and 
I opens out when it ia being forced away from the body during 
I the effective stroke. 




In Bwimming birds, each foot describes one side of aa 
[ ellipse when it is extended and thrust from the body, the 

other side of the ellipse being described when the foot is tlexed 
I and drawn towards the body. The curve described by the right 
[ foot when pushed from the body is seen at the arrow r of fig. 

60 ; that formed by the left foot when drawn towards the 
L body, at the arrow i of the same figure. The curves formed 
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by the feet during extension and flexion produce, wnen united 
in the act of swimming, waved lines, these constituting a 
chart for the movements of the extremities of swimming tirda. 

There ia consequently an obvious analogy between the 
swimming of birds and the walking of man (compare fig. 50, 
p. 97, with fig, 19, p. 39); between the walking of man and 
the walking of the quadruped (compare figs. 18 and 19, pp. 
37 and 39) ; between the walking of the quadruped and the 
swimming of the walrus, sea-bear, and seal; between the 
swimming of the seal, whale, dugong, manatee, and porpoise, 
and that of the fiah {compare fig. 32, p. 68, with figs. 18 and 
19, pp. 37 and 39); and between the Bwimming of the fish 
and the flying of the insect, bat, and bird (compare all the 
foregoing figures with figs. 71, 73, and 81, pp. 144 and 157). 

Flight of ike Flying-fish ,- the Ult-like adion of the fVitigs, etc — 
Whether the flying-fish uaea its greatly expanded pectoral ^ 




Fio. 61.— The Flylng-flih (Kaicalin extillm, Linn.), with w(ng« eipinded mid 
eteiatsd Id Uib net of Bkti*: (ibfe irtowi} Thia snonmlnua anil interettlntt 
Eroaturu In ndaptml bnlh (or Bwtmialne nnd Hyins. ThB BwJinmtnB-tiiLl JB 
lonieqUBttJs roUInHcl, and tie iHictnral Bns, whioli opt as wLuga, tn 
enDrmoualy mmeosgd in size. — Orlffinat. 

as a bird its wings, or only as parachutes, has not, so far as I 
am aware, been determined by actual observation. Most ob- 
servers are of opinion that these singular creatures glide up 
the wind, and do not beat it after the manner of birds ; so 
that their flight (or rather leap) is indicated by the arc of a 
circle, the aea supplying the chord. I have carefully examined 
the structure, relations, and action of those fins, and am satis- 
fied in my own mind that ihey net as true pinion" within 
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certain limits, their inadequate dimensions and limited range 
alone preventing them from sustaining the fish in the air ~ 
indefinite perioda. When the fins are fully flexed, as happens 
■when the fish is swimming, they are arranged along the sides 
of the body ; but when it takes to the air, they are raised 
above the body and make a certain angle with it. In being 
raised they are likewise inclined forwards and outwards, the 
fins rotating on their long axes until they make an angle of 
something like 30° with tlic Affiison— this being, as nearly as 
I can determine, the greatest angle made by the wings during 
the down stroke in the flight of insects and birds. 

The pectoral fins, or pseudo-wings of the flying-fish, like 
all other wings, act after the manner of kites — the angles of 
inclination which their under surfaces make with the horizon 
varying according to the degree of extension, the speed ac- 
quired, and the pressure to wLieh they are subjected by being 
carried against the air. "When the flying-fiah, after a pre- 
liminary rush through the water (in which it acquires initial 
velocity), throws itself into the air, it is supported and carried 
forwards by the kite-like action of its pinions ; — this action 
being identical with that of the hoy's kite when the boy runs, 
and by pulling upon the string causes the kite to glide up- 
wards and forwards. In the case of the boy's kite a pulling 
force is applied to the kite in front. In the case of the flying- 
fiah (and everything which flies) a similar force ia applied to 
the kites formed by the wings by the weight of the flying 
mass, which always tends to fall vertically downwards. 
Weight supplies a motor power in flight similar to that 
HUpplied by the leads in a clock. In the case of the boy's 
kite, the hand of the operator furnishes the power ; in 
flight, a large proportion of the powei- ia fumislied by 
the weight of the body of the flying creature. It ia a 
matter of indifference how a kite is flown, so long as 
under surface is made to impinge upon the air over which 
it paasea.' A kite will fly eSectually when it is neither 
acted upon by the hand nor a weight, provided always | 
there is a stiff breeee blowing. In flight one of two things 

' " On fliB Variona Modes of Fliglit in relation to AeronantioB." By tin 
Antbor. — Proceedings of tlie Bojal Inalitaticn of Great Britain, Much 1SGT> 



ia necessary. Either the under surface of the wingft must 
be carried rapidly agaiuBt still air, or the air inuBt niRh 
violently against the under surface of tlie expanded hut 
niotionleas wings. Either the wings, the body hearing them, 
or the air, must he in rapid motion ; one or other must be 
active. To thia there ia no exception. To fly a kite in still 
air the operator must run. If a breeze is blowing the operator 
does not require to alter his position, the breeze doing the 
entire work. It is the same with wings, - In still air a bird, 
or whatever attempts to fly, must flap its wings energetically 
until it acquires initial velocity, when the flapping may be 
discontinued ; or it must throw itself from a height, in which 
case the initial velocity is acquired by the weight of the body 
acting upon the inclined planes formed by the motionless 
wings. The flapping and gliding action of the wings consti- 
tute the difference between ordinary flight and that known 
as skimming or sailti^ flight. The flight of the flying-fish ia 
to he regarded rather aa an example of the latter than the 
former, the fish transferring the velocity acquired by the 
vigorous lashing of its tail in the water to the air, — an 
arrangement which enables it to dispense in a great measure 
with the flapping of the wings, which act by a combined 
parachute and wedge action. In the flying-fish the flying-fin 
or wing attacks the air_/r07it ht/neath, whilst it ia being raised 
above the body. It has no downward stroke, the position 
and attachments of the fln preventing it irom descending 
beneath the level of the body of the fish. In this respect the 
flying-fin of the fish difiera slightly from the wing of the 
insect, bat, and bird. The gradual expansion and raising of 
the fins of the fish, coupled with the fact that the fiua never 
descend below the body, account for the admitted absence of 
beating, and have no doubt originated the belief that the 
pectoral fins are merely passive organs. If, however, they do 
not act as true pinions within the limits prescribed, it is diffi- 
cult, and indeed impossible, to undeTstaud how such small 
creatures can obtain the momentum necessary to project them, 
& distance of 200 or more yards, and to attain, as they some- 
times do, an elevation of twenty or more feet above the water. 
Mr. Swainson, in crossing the Hue in 1816, zealously attempted 
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to (liseover the trae action of the fins in question, but th* 1 
flight of the fish is so rapid that he utterly failed. He give* | 
it as his opinion that flight is performed in two ways, — first . 
by a spring or leap, and second by the spreading of the 
pectoral fins, which are employed in propelling the fish in 
forward direction, either by flapping or by a motion analogous 
to the skimming of Bwallowa. He records the important fact, 
that the flying-fish can change its course after leaving the 
water, which aatisfactorUy proves that the fins are not simply 
passive structures. Mr. Lord, of the Eoyal Artillery,^ thus 
ivrites of those remarkable specimens of the finny tribe ; — 
" There is no sight more charming than the flight of a shoal 
of flying-fish, as they shoot forth from the dark green wave 
in a glittering throng, like silver birds in some gay fairy tale, 
gleaming brightly in the sunshine, and then, with a mere 
touch on the crest of the heaving billow, again fiitting onward 
reinvigorated and refreshed." 

Before proceeding to a consideration of the graceful and, 
in some respects, mysterious evolutions of the denizens of the 
air, and the far-stretching pinions by which they are pro- 
duced, it may not be ont of place to say a few words in re- 
capitulation regarding the extent and nature of the surfaces 
by which progression is secured on land and on or in the , 
water. This is the more necessary, as the travelling- surfaces 
employed by animals in walking and swimming bear a 
tain, if not a fixed, relation to those employed by insects, bats, 
and birds in fiying. On looking back, we are at once struck 
with the fact, remarkable In some respects, that the travelling- 
surfaces, whether feet, flippers, fins, or pinions, are, as a rule, 
increased in proportion to the tenuity of the medium on which 
they are destined to operate. In the ox (fig. 18, p. 37) we 
behold a ponderous body, slender extremities, and unusually 
smoll feet. The feet are slightly expanded in the otter (fig. 1 2, 
p. 34), and considerably so in the omithorhyncbus (fig. II, p. 
34). The travelling-area is augmented in the seal (fig, 14, p. , 
34j fig, 36, p. 74), penguin (figs. 46 and 47, pp. 91 and 94), 
sea-bear (fig. 37, p. 76), and turtle (fig, 44, p. 89), In the I 
triton (fig. 45, p, 89) a huge swimming-tail is added to the ] 
t Nature nnd Art, November 1S6S, p. 173. 
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feet — the tail becoming larger, and the extremities (anterio*^ 
dimiaishing, in the manatee (fig. 34, p. 73) and porpoise (fig, ' 
33, p. 73), until we arrive at the fish (fig. 30, p. 65), where 
not only the tail but fe liyii:er half of the body ia actively 
engaged in natation. Turning from the wat€r to the air, we 
observe a remarkable modification in the huge pectoral fina 
of the flying-fish (fig. 51, p. 98), these enabling the creature 
to take enormous leaps, and serving as pseudo-pinioiia. Turn- 
ing in like manner from the earth to the air, we encounter 
the immense tegumentary expansions of the flyiug-dragon 
(fig. 15, p. 35) and galeopithecus (fig. 16, p. 35), the floating 
or buoying area of which greatly exceeds that of some of the 
flying beetles. 

In those animals wliich fly, as bats (fig. 17, p. 30), insects 
(figa. 57 and 58, p. 134 and 125),and birds (figs. 59 and CO, 
p. 126), the travelling surfaces, because of the extreme tenuity 
of the air, are prodigiously augmented ; these in many instances 
greatly exceeding the actual area of the body. "While, tlierefore, 
the movements involved in walking, swimming, and flying are 
to be traced in the first instaiioe to the shortening and length- 
ening of the muscular, elastic, and other tissues operating on 
the bones, and their peculiar articular surfaces; they are to 
bo referred in the second instance to the extent and configa- 
ration of the travelling areas — these on all occasions being 
accurately adapted to the capacity and strength of the animal 
and the density of the medium on or in which it is intended 
to progress. Thus the laud supplies the resistance, and 
affords tiie support necessary to prevent the small feet of 
land animalfl from sinking to dangerous depths, while the 
water, immensely less resisting, furnishes the peculiar medium 
requisite for buoying the fish, and for exposing, without 
danger and to moat advantage, the large surface contained 
in ila ponderous lashing tail, — the air, unseen and unfelt, 
furnishing that quickly yielding and subtle element in which 
the greatly expanded pinions of the insect, bat, and bird are 
made to vibrate with lightning rapidity, discoursing, as they 
do so, a soft and stirring music very delightful to the lovesr 
of nature. 
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Ths atanoaphere, because of its great tenuity, mobility, and 
romparattve impoaderability, presents little resistance to 
bodies passing through it at low velocities. If, however, the 
speed be greatly accelerated, the passage of even an ordinary 
cane is sensibly impeded. 

This comes of the action and reaction of matter, the resist- 
ance experienced varying according to the density of the 
atmosphere and the shape, extent, and velocity of the body 
acting upon it. While, therefore, scarcely any impediment 
is offered to the progress of an animal in motion, it is often 
exceedingly difficult to compress the air with sufficient rapidity 
and eneigy to convert it into a suitable fulcrum for securing 
the onward impetus. This arises from the fact that bodies 
moving in the air experience the minimum of remfance and 
occasion the maximum of displaametit. Another and very 
obvious difficulty is traceable to the great disparity in the 
weight of air as compared with any known solid, this in the 
case of water being nearly as 1000 to 1. According to the 
density of the medium so is its buoying or sustaining power. 

Tlie Wing a Ltvcr of tin Third Onler. — To meet the pecu- 
liarities stated above, the insect, bat, and bird are furnished 
with extensive surfaces in the shape of pinions or wings,' 
which they can apply with singular velocity and power, as 
levers of the third order (fig. 3, p. 20),^ at various angles, or 
by alternate slow and sudden movements, to obtain the 

1 lo this farm of lever the power Ib applied between tbe falcrum sutl tlis 
weight to be raised. The mosa to be eltvated is tbe body of tbe inaeot, bat, 
or bird, — tbe force wliich resides in the ILviug piuiaii (aided by the Ineitin at 
Uie trunk) ceprebeuting the power, and the air the folciom. 



necessary degree of resistance and non-resistance. Although 
the third order of lever is particularly inefficient when the 
fulcrum is rigid and immobile, it possesses singular advantages 
when these conditions are reversed, i.e. when the fulcrum, as 
happens with the air, is ehalic and yi^ding. In this case a 
very slight movement at the root of the pinion, or that end 
of the lever directed towards the body, is succeeded by an 
immense sweep of the extremity of the wing, where its elevat- 
ing and propelling power is greatest. This arrangement in- 
sures that the large qnantity of air necessary for propulsion 
and support shall be compressed under the most favourable 
conditions. 

It follows from this that those insects and birds are endowed 
with the greatest powers of flight whose wings are the longest. 
The dragon-fly and albatross furnish examples. The former 
on some occasions dashes along with amazing velocity and 
wheels with incredible rapidity ; at other times it suddenly 
checks its headlong career and hovers or fixes itself in the air 
after the manner of the kestrel and humming-birds. The flight 
of the albatross is also remarkable. This magnificent bird, I am 
informed on reliable authority, sails about with apparent un- 
concern for hours together, and rarely deigns to flap its 
moiis pinions, which stream from its body like ribbons to t] 
extent^ in some cases, of seven feet on either side. 

The manner in which the wing levers the body upi 
and forwards in flight is shown at fig. 52. 

In this fig. //' represent the moveable fulcra furnished a^ 
the air; pjf the power residing in the wing, and b the body 
to be flown. In order to make the problem of flight more 
intelligible, I have prolonged the lever formed by the wing 
beyond the body (6), and have applied to the root of the wing 
so extended the weight w w'. x represents the imiversal 
joint by which the wing is attached to the body. VTien the 
wing ascends, as shown at^, the lur (= fulcrum/) resists its 
upward passage, and forces the body (i), or its representative 
{w), slightly downwards. When the wing descends, as shown 
at p', the air (= fulcrum /') resists its downward passage, 
and forces the body (?/), or its representative (w'), slightly 
upwards. From this it follows, that when the wing rises the 
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body falls, and Mce vers&i the wing describing the arc of a 
large circle (ff^, the body (6), or the weights repreaeating it 
(m ic^ describing tbe arc of a much smaller circle. The hody, 




therefore, as well aa the wing, rises and falls in flight. When 
the wing descends it elevates the body, the wing being acti\a 
and the body passive; when the body descends it eWatcB 
the wing, the body being active and the wing passive. The 
elevator muscles, and the reaction of the air on the under 
surface of the wing, contribute to its elevation. It is in this 
r that weight forms a factor in flight, the wing and the 
; of the body reciprocating and mutually assisting and 
relieving each other. This is an ailment for employing 
four wings in artificial flight, the wings being so arrranged 
that the two which are up shall always by their fall mechani- 
cally elevate the two which are down. Such an arrangement 
"s calculated greatly to conserve the driving power, and, as s 
consequence, to reduce the weight. It ia the upper or dorsal 
surface of the wing which more especially operates upon l" 
^ air during the up stroke, and the under or ventral suri'uce 
^L which operates during the down stroke. The wing, which at 
^1 the beginning of the down stroke has its surfaces and margins 
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the horizon,' rotates upon its anterior margin as an axis during 
its descent and causes its under surface to make a gradually 
increasing angle with the horizon, the posterior margin (fig, 
53, c) in this movement descending beneath the anterior 
one. A similar but opposite rotation takes place during the 
up stroke. The rotation referred to causes the wing to twist 
on its long axis acrew-faahion, and to describe a figure-of-8 
track in apace, one-half of the figure being described during 
the ascent of the wing, the other half during its descent. 
The twisting of the wing and the figure-of-8 track described 
by it when made to vibrate, are represented at fig. 63, 
The rotation of the wing on its long axis as it ascends and 
descends causes the under surface of the wing to act aa a 
kite, both during the up and down strokes, provided always 
the body bearing the wing is in forward motion. But the 
upper Buri'ace of the wing, as has been explained, acts when 
the wing is being elevated, so that both the upper and under 
surfaces of the wing are efficient during the up stroke. When 
the wing ascends, the upper surface impinges against the air; 
the under surface impinging at the same time from its being 
carried obliquely forward, after the manner of a kite, by the 
body, which is in motion. During the down stroke, the 
under surface only acta. The wing is consequently effective 
both during its ascent and descent, its slip being nominal in 
amount. The wing acts as a kite, both, when it ascends and 
descends. It acts more as a propeller than an elevator during 
its ascent ; and more as an elevator than a propeller during 
its descent. It is, however, efi'ective both in an upward and 
downward direction. The efficiency of the wing is greatly in- 
creased by the fact that when it ascends it draws a current of 
air up after it, which current being met by the wing during 
its descent, greatly augments the power of the down stroke. 
In like manner, when the wing descends it draws a current 
of air down after it, which being met by the wing during its 
ascent, greatly augments the power of the up stroke. These 
induced currents are to the wing what a stiff autumn breeze is 
to the boy's kite. The w^g is endowed with this very re- 
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f markable property, that it creates the current on which it rises 
»nd progresses. It literally flies oa a. whirlwind of its own 
forming. 

These remarks apply more especially to the wings of bata 
r ftnd birds, and those insects whose wings are made to vibrate 
win a more or less vertical direction. The action of the wing 
III readily imitated, as a reference to fig. 53 will show. 
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If, for example, I take a tapering elastic reed, ai 
at a b, and supply it with a flexible elastic sail (cd), and a 
ball-and-socket joint (it), I have only to seize the reed at a 
id cause it to oscillate upon x to elicit all the wing move- 
lents. By depressing the root of the reed in the direction 
!, the wing flies up aa a kite in the direction^/ During 
the upward movement the wing flies upwards and forwards, 
and describes a double curve. By elevating the root of the 
reed in the direction m a, the wing flies down as a kite in 
the direction i b. During the downward movement the 
wing flies downwards and forwards, and describes a double 
curve. These curves, when united, form a waved track, 
which represents progressive flight. During the rise and fall 
of the wing a. large amount of tractile force is evolved, and 
if the wings and the body of the flying creature are inclined 
slightly upwards, kite-fashion, as they invariably are in ordi- 
nary ffight, the whole mass of necessity mov& upwards and 
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forwards. To this there is no exception. A fiheet of paper 
or a, card will float along if its anterior margin is alightly 
raised, and if it ba projected with sufficient velocity. The 
TFiDgs of all flying creatures when made to vibrate, twist and 
untwist, the posterior thin margin of each wing twisting 
round the anterior thick one, liiie the hlade of a screw. The 
artificial wing represented at fig. 53 (p. 107) does the same) cd 
twisting round a b, and ff h round ef. The natural and arti- 
ficial wings, when elevated and depressed, describe a figure-of-8 
track in space when the bodies to which they are attached 
are stationary. When the bodies advance, the figure-of-8 is 
opened out to form first a looped and then a waved track, I 
have shown how those insects, bats, and birds which flap 
their wings in a more or less vertical direction evolve tractile 
or propelling power, and how this, operating on properly 
constructed inclined surfaces, results in flight. I wish now 
to show that flight may aJso be produced by a very oblique 
and almost horizontal stroke of the wing, as in some insects, 
e.ff. the wasp, blue-bottle, and other flies, In those insects 
the wing is made to vibrate with a figure-of-8 sculling 




motion in a very oblique direction, and with immense energy. 
This form of flight differs in no re.spect from the other, unless 
in the direction of the stroke, and can he readily imitated, as 
a reference to fig. 54 will show. 
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In this figure (54) the conditions represented at fig. 53 (p. 
107) are exactly reproduced, the only difference being that in 
the present figure the -wing is applied to the air in a more or less 
horizontal direction, whereas in fig, 53 it is ajiplied in a more 
or lesB vertical direction. The lettera in hoth figiu^a are the 
aame. The insects whose wings tack upon the air in a more 
or less horizontal direction, have an extensive range, each 
wing describing nearly half a circle, these half circles corre- 
sponding to the area of support. The body of the insect ia 
consequently the centre of a circle of motion. It corresponds 
to X of the present figure (fig. 54). When the wing is seized 
by the hand at a, and the root made to travel in the direction 
n e, the body of the wing travels in the direction y/. While 
BO travelling it fiiea upwards in a double curve, kite-fashion, 
and elevates the weight I. When it reaches the point/, it 
reverses suddenly to prepare for a, return stroke, which ia 
produced by causing the root of the wing to travel in the 
direction wi a, the body and tip travelling in the direction i h. 
During the reverse stroke, the wing flies upwards in a double 
curve, kite-faahion, and elevates the weight k. The more 
rapidly these movements are repeated, the more powerful the 
wing becomes, and the greater the weight it elevates. This 
follows because of the reciprocating action of the wing, — the 
wing, as already explained, always drawing a current of air 
after it during the one stroke, which is met and utUized by 
it during tlie next stroke, The reciprocating action of the 
wing here referred to is analogous in all respects to that ob- 
served in the flippers of the seal, sea-bear, walrus, and turtle; 
tlie swimming wing of the penguin ; and the tail of the whale, 
dugong, manatee, porpoise, and fish. If the muscles of the 
insect were made to act at the points a. e, the body of the 
insect would be elevated b& bX kl, by the reciprocating action 

^of the wings. The amount of tractile power developed in the 
lirrangoment represented at fig. 53 (p. 107), can be readily 
Bscertained by fixing a spring or a weight acting over a pulley 
to the anterior margin (a J or g _/) of the wing; weights acting 
over pulleys being attached to the root of the wing (o or e). 

The amount of elevating power developed in the arrange- 
ment represented at fig. 54, can also be estimated by 
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causing weights acting over pnEeys to operate upon the root 
of the wing (a or e), and watching how far the weights (k or I) 
are raised. In tliese calculations allowance is of course to be 
made for friction. The object of the two sets of experiments 
described and figured, is to show that the wing can exert a 
tractile power either in a nearly horizontal direction or in a 
nearly vertical one, flight being produced in both cases. I 
wish now to show that a body not supplied with, wings or 
inclined surfaces will, if left to itself, fall vertically down- 
wards J whereas, if it be furnished with wings, its vertical fall 
is converted into oblique downward flight. These are very 
interesting points. Experiment has shown me that a wing 
when made to vibrate vertically produces horizontal traction ; 
when made to vibrate horizontally, vertical traction; the 
vertical fall of a body armed with wings producing oblique 
tiaction. The descent of weights can also be made to propel 
the wings either in a vertical or horizontal direction; the 
vibration of the wings upon the air in natural flight causing 
the weights (body of flying creature) to move forward. 
This shows the very important part performed by weight in 
aH kinds of flight. 

height neee^a/iy to Flight. — However paradoxical it may 
seem, a certain amount of weight is indispensable in flight. 

In the first place, it gives poeuhar efficacy and energy to 
the up stroke, by acting upon the inclined planes formed 
by the wings in the direction of the plane of progression, 
lie power and the weight may thus be said to reciprocate, 
the two sitting, as it were, side by side, and blending their 
peculiar influences to produce a common result. 

Secondly, it adds momentum, — a heavy hody, when once 
fairly under weigh, meeting with little resistance from the 
air, through which it sweeps like a heavy pendulum. 

Thirdly, the mere act of rotating the wings on and off 
the wind during extension and flexion, with a slight down- 
word stroke, apparently represents the entire exertion on the 
part of the volant animal, the rest being performed by weight 
alone. 

This liist circumstance is deserving of attention, the more 
especially ex it seems to constitute the princii>al difTeience 
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between a living flying tiling and an aerial machine. If a 
flying-machine waa constructed in accordance with the pria- 
ciplea which we behold in nature, the weight and the pro- 
pelling power of the machine would be made to act upon the 
Bustaiiiing and propelling surfaces, whatever shape they 
assumed, and these la turn would be made to operate upon 
the, air, and vice versd. In the aerial machine, as far as yet 
devised, there is no sympathy between the weight to be 
elevated and the lifting power, whilst in natural flight thewings 
and the weight of the flying creature act in concert and reci- 
procate J the winga elevating the body the one instant, the 
body by its fall elevating the winga the next. When the 
winga elevate the body they are active, the body being pas- 
rive. When the body elevates the wings it is active, the 
■wings being passive. The force residing in the wings, and 
the force residing in the body (weight is a force when launched 
in space and free to fall iu a vertical direction) cause the mass 
of the volant animal to oscillate vertically on either side of 
an imaginary line — this line corresponding to the path of the 
insect, bat, or bird in the air. While the wings and body 
act and react upon each other, the win^, body, and air like- 
■wise act and react upon each other. In the flight of insects, 
bats, and birds, weight is to he regarded as an independent 
moving power, this being made to act upon the oblique sur- 
faces presented by the wings in conjunction with the power 
expended by the animal — the latter being, hy this arrange- 
ment, conserved to a remarkable exteut. Weight, assisted by 
the elastic ligaments or springs, which recover all wings in 
flexion, is to be regarded as the mechanical expedient resorted 
to by nature in supplementing the efforts of all flying things.^ 
Without this, flight would be of short duration, laboured, and 
uncertain, and the almost miraculous journeys at present per- 
formed by the denizens of the air impossible, 

' Weight, as is well known, is the solo moving power in the cloclt— tha 

pBnihilBm being used merely to regnlate tlie raosementa prOiliiCed by the 

descent of the Icnita. In watches, the onus of motion Is thrown npon a 

I ifiiraJ spring s nntl it is worthy of remark that the mechanician has seized 

WvpoTt, and ingeniously utilized, two forces largely employed in the animal 
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JCeigkl cojitribulis to Horizontal Flight. — That the weight of 
the body playa an important part in the prodaetion ( " '" ' 
niny be proved by a very simple experiment. 
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If I take two primary feathers and fix them in an ordinary 
cork, as represented at iig. 55, and allow the apparatus to 
drop from a height, I find, the cork does not fall vertically 
downwards, but dowmcards and fom-ards in a curve. This 
foUows, because the feathers a, J are t^riated flexihle inclined 
planes, which arch in an upward direction. They are in fact 
true wings in the sense tliat an insect wing in one piece is a 
true wing. (Compare a, 6, c of fig. 55, with g, /, s of fig. 82, 
p. 158.) AVhen draped downwards by the cork (c), which 
would, if left to itself, fall vertically, they have what is vir- 
tually a down stroke communicated to them. Under these 
circumstances a struggle ensues between the cork tending to 
fall vertically and the feathers tending to travel in an upward 
direction, and, as a consequence, the apparatus describes the 
curve d ef g before reaching the earth h, i. This is due to 
the action and reaction of the feathers and air upon each 
other, and to the influence which gravity exert-s upon the 
cork. The forward travel of the cork and feathers, as com- 
pared with the space tlirough which they fall, is very great. 
Thus, in some instances, I found they advanced as much as a 
yard and a half in a descent of three yards. Here, tlien, is 
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an example of flight produced by purely mechanical appli- 
ances. The winged aeeds fly in precisely the same maimer. 
The seeds of the plane-tree have, e.g. two winga which 
exactly reaemble the wings employed for flying ; thus they 
taper from the root towards the tip, and from the ante- 
rior margin towards the posterior margin, the margins being 
twisted and disposed in difleront planes to form true screws. 
This arrangement prevents the seed from falling rapidly or 
vertically, and if a breeze is blowing it is wafted to a coa- 
aiderable distance before it reaches the ground. Nature is 
uniform and consistent throughout. She employs the same 
principle, and very nearly the same means, for flying a heavy, 
■olid seed which she employs for flying an inEect, a bat, or a 
bird. 

When ortiljcial wings constmcteil on the plan of natural 
ones, with stiff roots, tapering semi-rigid anterior margins, 
and thin yielding posterior margins, are allowed to drop from 
a height, they describe double currea in falling, the roots of 
the wings reaching the ground first. This circumstance 
proves the greater buoying power of the tips of the wings as 
compared with the roots. I might refer to many other 
«xperiments made in this direction, but those are sufScientto 
show that weight, when acting upon wings, or, what is the 
same thing, upon elastic twisted inclined planes, must be re- 
garded Be, an independent moving power. But for this cir- 
cumstance flight would be at once the most awkward and 
laborious form of locomotion, whereas in reality it is incom- 
jmrably the easiest and most graceful The power which 
rapidly vibrating wings have in sustaining a body which 
tends to fall vertically downwards, is much greater than one 
would naturally imagine, from the fact that the body, which 
is always beginning to fall, ia never permitted actually to do 
eo. Thus, when it has fallen sufficiently far to assist in 
elevating the wings, it is at once elevated by the vigorous 
descent of those organs. The body consequently never 
acquires the downward momentum which it would do if per- 
mitted to fall through a considerable space uninterruptedly. 
It ia easy to restrain even a heavy body when beginning to 
^lQ, while it is next to impossible to check its progress when 



it 13 once fairly laiinelied in apaco and travelling rapid!y in a 
downward direction. 

Wdghl, Momentam, and Power, to a cerlain aienl, synonymous 
in Flight. — When a bird rises it has little or no momentum, so 
that if it comes in contact with a solid resisting surface it 
does not injure itself. When, however, it has acquired all 
the momentum of which it is capable, and is in full and rapid 
flight, such contact results in destruction. My friend Mr. A. 
D. Bartlett informed me of an instance where a wild duck 
terminated its career by coming violently in contact with one 
of the glasses of the Eddystone Lighthouse. The glass, which 
was fully an inch in thiokne^, was completely smashed. 
Advantage is taken of this circumstance in killing sea-birds, 
a bait being placed on a board and set afloat with a view to 
breaking the neck of the bird when it stoops to seize the car- 
rion. The additionnl power due to momentum in heavy 
bodies in motion is well illustrated in the start and progress 
of steamboats. In these the slip, as it is technically called, 
decreases as the speed of the vessel increases ; the strength of 
a man, if applied by a hawser attached to the stem of a 
moderate-sized vessel, being sufficient tb retard, and, in some 
instances prevent, its starting. In such a ease the power of the 
engine is almost entirely devoted to " slip " or in giving motion 
to the fluid in which the screw or paddle is immersed. It is 
consequently not the power residing in the paddle or screw 
which is cumulative, but the momentum inhering in the mass. 
In the bird, the momentum, alias weight, is made to a«t upon 
the inclined planes formed by the wings, these adroitly con- 
verting it into sustaining and propelling power. It is to this 
circumstance, more than any other, that the prolonged flight 
of birds is mainly due, the inertia or dead weight of the 
trunk aiding and abetting the action of the wings, and so 
relieving tlie excess of exertion which would necessarily 
devolve on the bird. It is thus that the power which in 
living structures resides in the mass is conserved, and the 
mass itself turned to account. But for this reciprocity, no 
bird could retain its position in the air for more than a few 
minutes at a time. This is proved by the comparatively 
brief upward Sight of the lark and the hovering of the hawk 
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when hunting. In both these caseB the body is esclusively 
BUBtatned by the action of the wings, the weight of the trunk 
taking no part in it ; in other words, the weiglit of the body 
doea not contribute to flight by adding its momentum and 
the impulse which momentum begets. In the flight of the 
alhfttroBs, on the other haiid, the momentum acquired by the 
moving mass doea the principal portion of the work, the wings 
for the most part being simply rotated on and off the wind to 
supply the proper angles necessary for the inertia or mass to 
operate upon. It appears to m« that in this blending of 
active and passive power the mystery of flight is concealed, 
and that no arrangement will succeed in producing flight 
artificially which does not recognise and apply the principle 
here pointed out. 

Air-cells in Insects and Mrds not necessari/ to Flighi. — The 
boasted levity of insects, bats, and birds, concerning which so 
much has been written by authors in their attempts to explain 
flight, is delusive in the highest degree. 

Insects, bats, and birds are as heavy, built for bulk, as most 
other living creatures, and flight can be performed perfectly 
by animals which have neither air-sacs nor hollow bones ; air- 
sacs being found in animals never designed to fly. Those 
who subscribe to the heated-air theoiy are of opinion tliat the 
air contained in the cavities of insects and btnls is so much 
lighter than the surrounding atmosphere, that it must of 
necessity contribute materially to flight. I may mention, 
however, that the quantity of air imprisoned is, to begin 
with, BO infinitesimally small, and the difference in weight 
which it experiences by increase of temperature so inappre- 
ciable, that it ought not to be taken into account by any one 
endeavouring to solve the difficult and important problem of 
flight. The Montgolfier or fire-halloons were constructed on 
the heated-air principle ; but as these have no analogue in 
nature, and are apjiarently incapable of improvement, they 
are mentioned here rather to expose what I regard a false 
theory than as tending to elucidate the true principles of 
flight. 

When we have said that cylindere and hollow chambers 
. the area of the insect aad bird, and that an insect 
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and bird so conatructed ia stronger, weight for weight, than 
one composed of Bolid matter, we may dismiss the subject ; 
flight being, as I shall endeavour to Bhow by-and-by, not so 
much a question of levity as one of weight and power intelli- 
gently directed, upon properly constructed flying surfaces. 

The bodies of insects, bat«, and birds are constructed on 
strictly mechajiical principles, — lightness, strength, and dura- 
bility of frame being combined with power, rapidity, and 
precision of action. The cylindrical method of construction 
ia in them carried to an extreme, the bodies and legs of 
insects displaying numerous unoccupied spaces, while the 
muscles and solid parts ore tunnelled by innumerable air- 
tubes, which communicate with the surrounding medium by 
a aeries of apertures termed spiracles. 

A somewhat HJTni lP T diepoaition of parts is met with in 
birds, these being in many cases furnished not only with 
hollow bones, but also (especially the aquatic ones) with a 
liberal supply of air-sacs. They are likewise provided with a 
dense covering of feathers or down, which adds greatly to 
their bulk without materially increasing their weight. Their 
bodies, moreover, in not a few instances, particularly in birds 
of prey, are more or less flattened. The air-sacs are well 
seen in the swan, goose, and duck ; and I have on several 
occasions minutely examined them with a view to determine 
their extent and fiinction. In two of the specimens which I 
injected, the material employed had found its way not only 
into those usually described, but also into others which ramify 
in the substance of the muscles, particularly the pectorals. 
No satisfactory explanation of the purpose served by these 
air-sacs has, I regret to say, been yet tendered. According 
to Sappey,^ who has devoted a largo share of attention to the 
subject, they consist of a membrane which is neither serous 
nor mucous, but partly the one and partly the other ; and aa 
blood-vessels in considerable numbers, as my preparations 

' Snpi>Bj anmneratea fifteen air-ancs, — th6 thoracic, Bitusted at tlie lower 
part of Vae neck, behind the stemnm ; tico cervicaC, which nm the wholfl 
length of the neck to the head, which they enpplf with air ; Iwo pain of 
amitriat, and (wo jHura i>f poiUruir diaphra^atic ; and iKo pain <if nUo- 
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ahov, ramify in their substance, and they are in many cases 
covered with nmseular fibres which confer on them a rhythmic 
movement, some recent observers (Mr. Drosier ^ of C 
for example) have endeavoured to prove that they a 
jnnctB of the lungs, and therefore assist in aerating the blood. 
This opinion 'was advocated hy John Hunter as early as 
1774,* and is probably correct, since the temperature of birds 
s higher than that of any other elasa of animals, and because 
they are obliged occasionally to make great muscular exer- 
tions both in swimming and flying. Others have viewed the 

sacs in connexion with the hollow bones frequently, though 
not always, found in birds,' and have come to look upon the 

ted air which they contain as being more or less essential 
to flight. That the air-cells have absolutely nothing to do with 
flight is proved by the fact that some excellent fliers (take the 
bats, e.g.) are destitute of them, while birds such as the 
ostrich and apteryx, which are incapable of flying, are pro- 
vided with them. Analogous air-sacs, moreover, are met 
with in animals never intended to fly; and of tliese I may 
instance tho great air-sac occupying the cervical and axil- 
lary regions of the orang-outang, the float or swimniing- 
hladder in fishes, and the pouch communicating with the 
trachea of the emu.* 

" On tbe Functiona of the Alr-cella and the Mechanism of RespIraUoa in 
is," hy W. H. Drosier, M.D., Caiua College.— Proo. Oanib. Vbil Soc„ 
). 1% 1360. 

" An Acconnt of certain R«ceptiicle» of Air in Birils which communlDiite 
with the Lungs, and are lodged among the Fleaby Porta and In tho HoUgw 
ones o( these Animals. "—Phil. Trana., Loud. l??!. 

'According to Dr. Crisp the enullow, martin, anipe, imd many birds of 
_ issige hoTe no air in their hanea (Proo. ZudI. Soe„ Lond. part ut. 1857, p. 
13). Thu same antlior, in a aecond carom unication [pp. 215 and 216), adda 
that the glossy starling, epotted flyoataher, whin. chat, woort.wren,wainw-wren, 
blaok.headed bnuting, nud canary, flro of which are birda of passage, have 
llkewiae DO ail in their bones, Tbe fulloiviutt la Dr. Crisp's suuimary :— Out 
of cinety.two birda examined he found "air in many of tbe bones, five 
(Falmaidte) ; air in the hnmeri and net in the inferior eitrenuties, thirty- 
nine ; no air in tbe eitremitiea and probably none In the other bonea, forty- 
eight." 

t Nearly allied to this is the great gnlar pounh of the baataid. Specimens 
of the air-Boo In the orang, emu, and bustard, and likewise of the air-aaea of 
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The same may be said of the hollow bonea, — some really 
admirable fliers, as the swifts, martins, and enipes, having 
their bones filled with marrow, while those of the wingless 
rnnning birds alluded to have air. Furthermore and finally, 
a living bird weighing 10 lbs. weighs the same when dead, 
plus a very few grains ; and all know what effect a few grains 
of heated air would have in raising a weight of 10 lbs. from 
the ground. 

How Balancing is effected in Flight, Ike Sound produced by 
ihe Wing, etc. — The manner in which insects, bats, and birdi 
balance themselves in the aii has hitherto, and with reason, 
been regarded a mystery, for it is diflScult to understand how 
they maintain their equilibrium when the wings are beneath 
their bodies. Figs. 67 and 68, p. 141, throw considerable 
light on the subject in the case of the insect. In those 
figures the space (a, g) mapped out by the wing during its 
vibrations is entirely occupied by it ; i.e. the wing (such la 
its speed) is in every portion of the space at nearly the same 
instant, tlie space representing what is practically a solid 
basis of support. As, moreover, the wing is jointed to the 
upper part of the body (thorax) by a universal joint, which 
admits of every variety of motion, the insect is always sus- 
pended (very much as a compass set upon gimbals is sus- 
pended); the wings, when on a level with the body, vibrating 
in such a manner as to occupy a circular area (vide rdbfot 
fig. 56, p. 120), in the centre of which the body (aee) is 
placed. The wings, when vibrating above and beneath the 
body occupy a conical area ; the apex of the cone being directed 
upwards when the wings are below the body, and downwards 
when they are above the body. Those points are well seen 
in tbe bird at figs, 82 and 83, p. 158. In fig. 82 the in- 
verted cone formed by the wings when above the body is repre- 
sented, and in fig. 83 that formed by the wings when below 
the body ia given. In these figures it will be observed that 
the body, from the insertion of the roots of the wings into its 
upper portion, is always suspended, and this, of course, ia equi- 
valent to suspending the centre of gravity. In the bird and 

the man and gDoae, as prepared by me, may be seen in tho Museum of the 
Sofal Collese of SurseonB of England. 
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tat, where the stroke is delivered more vertically than in the 
insect, the basis of guppwi is increased by the tip of the wing 
folding inwards and backwards in a more or leas horizontal' 
direction at the end of the down stroke j and outwards and 
forwards at the end of the up stroke. This is accompanied 
by the rotation of the outer portion of the wing upon the 
wrist as a centre, the tip of the wing, because of the ever 
varying position of the wrist, describing an ellipse. In in- 
sects whose wings are broad and large (butterfly), and which 
are driven at a comparatively low speed, the balancing power 
is diminished. In insects whose wings, on the contraiy, are 
long and narrow (blow-fly), and which are driven at a high 
speed, the balancing power is increased. It is the same with 
short and long winged birds, so that the function of balancing 
I some measure due to the form of the wing, and the 
speed with which it ia driven ; tbe long wing and the wing 
■ibrated with great energy increasing the capacity for balanc- 
ing. When the body is light and the wings very ample 
(butterfly and heron), the reaction elicited by the ascent 
and descent of the wing displaces the body to a marked 
extent. When, on the other hand, the wings are small 
and the body large, the reaction produced by the vibration 
of the wing ia scarcely perceptible. Apart, however, from 
the shape and dimensions of the wing, and the rapidity 
with which it is urged, it must never be overlooked that all 
wings (as has been pointed out) are attached to the bodies 
of the animals bearing them by some form of universal 
joint, and in such a manner that the bodies, whatever the 
position of the wings, are accurately balanced, and swim 
about in a more or less horizontal position, like a compass set 
upon gimbals. To such an extent is this true, that the posi- 
tion of the wing is a matter of indifference. Thus the pinion 
may be above, beneath, or on a level with the body ; or it 
may be directed forwards, backwards, or at right angles to 
the body. In either case the body is balanced mechanically 
and without effort. To prove this point I made an artificial 
«Tng and body, and united the one to the other by a uni- 
versal joint. I found, as I had anticipated, that in whatever 
position the wing was placed, whether above, beneath, or on 
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a. level with the body, or ou either side of it, the body almost 
instantly attained a position of rest. The body was, in fact, 
eq^ually aoBpended and balanced from all points, 

Rapidily of Wing Movements partly accounled for. — Much 
suriirise baa been expressed at the enormous rapidity with 
■which some iringa are made to vibrate. The wing of the 
insect is, as a rule, very long and narrow. As a consequence, 
a comparatively slow and very limited movement at the root 




confers great range and immense epeed at the tip ; the speed 
of each portion of the wing increasing as the root of the wiug 
is receded from. This is explained on a principle weU under- 
stood in mechanics, viz. that when a rod hinged at one end 
is made to move in a circle, the tip or free end of the rod 
describes a mnch wider circle in a given, time than a portion 
of the rod nearer the hinge. This principle is illustrated at 
' la this dingram 1 hava purposBly represenled tlia right wing by a Btndght 
njirf rod. The natural wing, howaver, is ciirveil, firi^Hf, and eiuftc. It 
likawiaB mows in taavts, the chtybs being most marked towania Iha end of 
the Tip and down atrokea, as shown at m b, o p. The cnrveB, which are 
double flguro-of-8 cnrres, are ablilarateci towards the middle-of the atroltBi {« r). 
This remark holda tme of all nntuTal win^, and of all flrtifloial wingB properly 
constructed. The cotres and the reversal thereof are neEeasary to give con- 
tinuity of motiou to the wing d-uring its vilirationa, nnd what is not less 
important, to enable the wing nlteniately to seize niid dismiss 
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fig. 66. Thus if a 6 of fig. 56 be made to represent the 
rod hinged at x, it travels through the space d b f \a the 
game time it travels through j ki; and through j h I in the 
same time it travels through g h i ; and through j A i in the 
same time it travels through e ac, which is the area occupied 
by the thorax of the insect. If, however, the part of the rwi 
6 travels through the space d bf in the same time that the part 
a travels through the space e a c, it follows of necessity that 
the portion of the rod marked a moves very much slower 
than that marked 6. The muscles of the insect are applied 
at the point a, as short levers (the point referred to correspond- 
ing to the thorax of the insect), so that a comparatively slow 
and limited movement at the root of the wing produces the 
marvellous speed observed at the tip ; the tip and body of the 
wing being those portions which occasion the blur or impres- 
sion produced on the eye by the rapidly oscillating piaion (figs. 
6i, 6S, and 66, p. 139), But for this mcwie of augmenting 
the speed originally inaugurated by the muscular system, it is 
difficult to comprehend how the wings could be driven at the 
velocity attributed to them. The wing of the blow-fly is 
said to make 300 strokes per second, i.e. 18,000 per minute. 
Now it appears to me that muscles to contract at the rate of 
18,000 times in the minute wonld be exhausted in a very 
few seconds, a state of matters which would render the con- 
tinuous flight of insects impossible, (The heart contracts only 
between sixty and seventy times in a minute,) I am, therefore, 
disposed to believe that the number of contractions made by 
the thoracic muscles of insects has been greatly overstated; 
the high speed at which the wing is made to vibrate being 
doe less to the separate and sudden contractions of the muscles 
at its root than to the fact that the speed of the different 
parts of the wing is increased in a direct ratio as the several 
parts are removed from the driving point, as already ex- 
plained. Speed is certainly a matter of great importance 
in wing movements, as the elevating and propelling power of 
the pinion depends to a great extent upon the rapidity with 
which it is urged. Speed, however, may be produced in two 
ways — either by a series of separate and opposite movements, 
such as is witnessed in the action of a piston, or by 
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of separate and opposite movements acting upon an instru- 
ment so designed, that a movement applied at one part in- 
creases in rapidity as the point of contact is receded from, as 
happens in the wing. In the piston movement the motion ia 
uniform, or nearly so ; all parts of the piston travailing at 
very much the same speed. In the wing movements, on the 
contrary, the motion is gradnally accelerated towards the tip 
of the pinion, where the pinion is most effective as an elevator, 
and decreased towards the root, where it is least effective — 
an arrangement calculated to reduce the number of muscular 
contractions, while it contributes to the actual power of the 
wing. This hypothesis, it will be observed, guarantees to the 
wing a very high speedj with comparatively few reversals and 
comparatively few muscular contractions. 

In the bat and bird the wings do not vibrate with the 
sanie rapidity as in the insect, and this is accounted for by 
the ciroumBtanoe, that in them the muscles do not act exclu- 
sively at the root of the wing. In the bat and bird the 
muBclea run along the wing towards the tip for the pur- 
pose of flexing or folding the wing prior to the up stroke, 
and for opening out and expanding it prior to the down 
stroke. 

As the wing must he folded or flexed and opened out or 
expanded every time the wing rises and falls, and as the 
muscles producing flexion and extension are long musclea 
with long tendons, which act at long distances as long levers, 
and comparatively slowly, it follows that the great short 
muscles (pectorals, etc.) situated at the root of the wing must 
act slowly likewise, as the muscles of the thorax and wing of 
necessity act together to produce one pulsation or vibration 
of the wing. What the wing of the bat and bird loses in 
speed it gains in power, the muscles of the bat and bird's 
wing acting directly upon the points to be moved, and under 
the most favourable conditions. In the insect, on the con- 
trary, the muscles act indirectly, and consequently at a dis- 
advantage. If the pectorals only moved, they would act as 
short levers, and confer on the wing of the bat and bird the 
rapidity peculiar to the wing of the insect. 

The tones emitted by the bird's wing would in this case 
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be he^htened. The awan in flying produces a loud whistling 
Bound, and the pLeasant, partridge, iind grouBe a sharp whirring 
noise like the stone of a knife-grinder. 

It is a mistake to suppose, as many do, that the tone or 
note produced by the wing during its vibrations is a true 
indication of the number of beats made by it in any given 
time. Tliis will be at once understood when I state, that a 
long wing will produce a higher note than a shorter one 
driven at the same speed and having the same superficial 
area, from the fact that the tip and body of the long wing 
will move through a greater space in a given time than the 
tip and body of the Sorter wing. This is occasioned by all 
wings being jointed at their roots, the sweep made by the 
different parts of the wing in a given time being longer or 
Bhorter in proportion to the lengtJi of the pinion. It ought, 
moreover, not to be overlooked, that in insects the notes pro- 
duced are not always referable to the action of the wings, 
these, in many cases, being tracea.ble to movements induced 
in the legs and other parts of the body. 

It is a curious circumstance, that if portions be removed 
from the posterior margins of the wings of a buzzing insect, 
such as the wasp, bee, blue-bottle Sy, etc., the note produced 
by the vibration of the pinions is raised in pitch. This is 
explained by the fact, that an insect whose wings are curtailed 
requires to drive them at a much higher speed in order to 
sustain itself in the air. That the velocity at which the wing 
ia niged is instrumental in causing the sound, is proved by 
the fact, that in slow-flying insecta and birds no note is pro- 
duced; whereas in those which urge the wing at a high 
speed, a note is elicited which corresponds within certain 
limits to the number of vibrations and the form of the wing. 
It 18 the posterior or thin flexible margin of the wing which 
is more especially engaged in producing the sound ; and if 
this be removed, or if this portion of the wing, as is the case 
in the hat and owl, he constructed of very soft materials, the 
character of the note is altered. An artificial wing, if pro- 
perly constructed and impelled at a sufficiently high speed, 
emits a drumming noise which closely resembles the note 
produced by the vibration of short-winged, heavy-bodied 




13t 



ATfiMAt LOcoMOrroy. 



birds, all which goes to prove that sound ia a concomitant of 
rapidly vibrating wings. 

The Wing area Varialle and in Excess. — The travelling- 
surfaces of insects, bats, and birds greatly exceed those of 
fishes and swimming animals ; the traTelling-surfaces of swim- 
ming animals being greatly in excess of those of animals which 
walk and run. The wing area of insects, bats, and birds 
varies very considerably, flight being possible witliin a com- 
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paratively wide range. Thns there are light-bodied and large- 
winged insects and birds — as the butterfly (fig. 67) and heron 
(fig. 60, p. 136) ; and others whose bodies are companvtively 
heavy, while their wings are insignificantly small — as the 
sphinx moth and Goliath beetle (fig. 58) among insects, and 
the grebe, quail, and partridge (lig. 59, p. 126) among birds. 
The apparent inconsistencies in the dimensions of the body 
and wings are readily explained by the greater muscular develop- 
ment of the heavy-bodied short-winged insects and birds, and 
the increased power and rapidity with which the wings in them 
e made to oscillate. In large-winged animals the movements 
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are slow; in sniftU-wingedonea comparatively very rapid. This 
sliows that flight may be attained by a heavy, powerful 
animal with comparatively Email wings, aa well as by a 
lighter ono with enormously enlarged wings. WhUe there is 
apparently no fixed relation between the area of the wings 
and the animal tu be raised, tliere is, unless in the case of 
; birds,^ an unvaiying relation between the weight of 
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the animal, the area of its wings, and the number of oscilla- 
tions made by them in a given tima The problem of flight 
thus resolves itself into one of weight, power, velocity, and 
small surfaces ; vei'sus buoyancy, debility, diminished speed, 
' Iq binls which skim, snJI, or glide, the pinion is greatly elongated oi 
rihbon-Bhaped, and the weiglit of the boily is miirtB to operate upon the in- 
clined planes tonned by the wings, in s-uch n mnnner that the bird when it 
has oncB got fairlj nnder weigh, is in a nieasiire Bfllf-siipporling. This ia 
especially the case when It ia proceeding ngsinst a aliglit breeze — tlie wind 
and the inclined jilimcs resulting from the upwaid. tnclinatiou of the wings 
reacting upon each other, nith thte very remarkHbts result, that the maa 
the bird morea steadily foTwarda in a mere or lesa horizontal direction. 
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and extensive aiirfaeea, — weight in either case being a sine 
qui non. In order to utilize the air as a means of transit, 
the body in motion, whether it moves in virtue of the life it 
possesses, or because of a force supeniddud, must be heavier 
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than the air. It mnat tread and rise upon the air as a swim- 
mer upon the water, or as a kite upon the wind. It must 
act against gravity, and elevate and carry itself forward at 
the expense of the air, aud by virtue of the force which 
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resides in it. If it were rescued from the law of gravity on 
the one hand, and bereft of independent movement on the 
other, it would float about uncontrolled and uncontrollable, 
as happens in the ordinary gas-balloon. 
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That no fixed relation exiHts between the urea of the winga 
and the aiza and weight of the body, is evident on comparing 
the dimensions of tlie wings and bodies of the several orders 
of insects, bats, and birds. If such comparison be made, it 
will be found that the piniona in some instances diminish 
while the bodies increase, and the converse. No practical 
good can therefore accrue to aerostation from elaborate 
measurements of the wings and trunks of any flying thing ; 
neither can any rule he laid down as to the extent of surface 
required for sustaining a given weight in the air. The wing 
area is, as a rule, considerably in excess of what is actually 
required for the purposes of flight. This is proved in two 
ways. First, by the fact that bats can cany their young with- 
out inconvenience, and birds elevate surprising quantities of 
fish, game, carrion, etc. I had in my possession at one time 
a tame bam-door owl which could lift a piece of meat a 
quarter of its own weight, after fasting four-and-twenty 
hours ; and an eagle, as is well knownj can cairy a moderate- 
sized lamb with facility. 

The excess of wing area is proved, secondly, by the fact tliat 
a large proportion of the wings of most volant animals may 
be removed without destroying the power of flight. I in- 
stituted a aeries of experiments on the wings of the fly, 
dragon-fly, butterfly, sparrow, etc, with a view to determining 
this point in 1867. The following aro the results obtained: — 

Bluer-hotile Fly. — Jizperiment 1. Detached posterior or thin 
half of each wing in its long axis. FUght perfect. 

£xp. 2. Detached posterior ItBo-llUrds of either wing in its 
long axis. Flight still perfect. I confess I was not prepared 
for this result. 

Exp. 3. Detached one-third of anterior or thick margin of 
either pinion obliquely. Flight imperfect 

Eq^. i. Detached one-Iialf of anterior or thick margin of 
either pinion obliquely. The power of flight completely 
destroyed. From experiments 3 and 4 it would seem that 
the anterior margin of the wing, which contains the principal 
nervurea, and which is the most rigid portion of the pinioii, 
cannot be mutilated with impuuity. 

Exp. 5. Removed one-thu'd from the extremity of either J 
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wing tranaversely, i.e. in the direction of the short axis of 
tlie pinioD. Flight perfect. 

Exp. 6. Removed one-half from either wing transversely, as 
in experiment 5. Flight very slightly (if at all) impaired. 

£xp. 7. Divided either pinion in the direction of its long 
axis into three equal parts, the anterior nervurea being con- 
tained in tlie anterior portion. Flight perfect. 

Brp. 8. Notched two-tbirda of either pinion obliquely from 
behind. Flight perfect. 

EjT^. 9. Notchedanteriorthirdof either pinion transversely. 
The power of flight destroyed. Here, as in experiment 4, 
tho mutilation of the anterior margin was followed by loss of 
function. 

j;^. 10. Detached posterior two-thirds of right wing in 
its long axis, the left wing bemg untouched. Flight perfect. 
I expected that this experiment would result in loss oi 
balancing-power ; but this was not the case. 

Ea^. 11. Detached half of right wing transversely, the left 
one being normal The insect flew irregularly, and came to 
the ground about a yard from where I stood. I seized it 
and detached the corresponding half of the left wing, after 
which it flew away, as in experiment 6. 

Dragon-Fty. — Exp. 12. In the dragon-fly either the first or 
second pair of winga may be removed without destroying the 
power of flight. The insect generally flies moat steadily 
when the posterior pair of winga are detached, as it can bal- 
ance better; but in either case flight is perfect, and in no 
degree laboured. 

Exp. 13. Eemoved one-third from the posterior margin of 
the first and second pairs of winga. Fhght in no wise impaired. 

If more than a third of each wing is cut away from the 
posterior oi' thiu maigm, the insect can still fly, but with 
efl'ort. 

Experiment 13 shows that the posterior or thin flexible 
margins of the wings may be dispensed with in flight. They 
nre more especially engaged in propelling. Compare with 
experiments 1 and 2, 

Ex^. 14. The extremities or tips of the first and second 
pair of wings may he detached to the extent of one-third. 
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without diminisliing the power of flight. Compare with 
experimeiits 5 and G. 

If the mutilation be carried further, flight ia laboured, and 
in Bome cases destroyed. 

Exp. 15. When the front edges of the first and second pairs 
of wings are notched or when they are removed, flight ia com- 
pletely destroyed. Compare with experimentB 3, 4, and 9. 

This shows that a certain degree of Btiffness is required for 
the front edges of tlie wings, the front edges indirectly sup- 
porting the back edges. It is, moreover, on the front edges 
of the wings that the pressure falls in flight, and by these 
edges the major portions of the Mdngs are attached to the 
body. The principal movements of the winga are communi- 
cated to these edges. 

Bulterfiy. — Exp. 16. Eemoved posterior halves of the first 
pair of win^ of white butterfly, Flight perfect. 

Exp. 17. Eemoved posterior halves of first and second 
pairs of wings. Flight not strong but still perfect. If addi- 
tional portions of the posterior Tvings were removed, the 
iuaeet could still fly, but with great efl'ort, and came to the 
ground at no great distance, 

Exp. 18. When the tips (outer sixth) of the first and 
second pairs of winga were cut away, flight was in no wise 
impaired. When more was detached the insect could not fly. 

Exp. 19. Eemoved the posterior wings of the brown but- 
terfly. Flight unimpaired. 

Exp. 30. Removed in addition a small portion (one-sixth) 
from the tips of the anterior wings. Flight still perfect, as 
the insect flew upwards of ten yards. 

Exp. 21. Eemoved in addition a portion (one-eighth) of 
the posterior margins of anterior wings. Tlie insect flew 
imperfectly, and came to the ground about a yard from tJie 
point where it commenced ifa flight. 

House Sparrow. — The sparrow is a heavy small-winged 
bird, requiring, one would imagine, all its wing area. This, 
however, is not the case, as the annexed exiieiiments show. 

Evp. 22, Detached the half of the secondary feathers of 
either pinion in the direction of the long axis of the wing, 
the primaries being left Intact, Flight as perfect as before 
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the mutilation took place. In this experiment, one wing was 
operated upon before the other, in order to test the balancing- 
power. The bird flew perfectly, either with one or wiSi 
both wings cut. 

E/j). 23. Detached the half of the secondary feathers and 
a fourth of the primary ones of either pinion in the long axis 
of the wing. Flight in no wise impaired. The bird, in this 
instance, flew upwards of 30 yards, and, having risen a con- 
aiderable height, dropped into a neighbouring tree. 

Exp. 24. Detached nearly tlie half of the primary feathers 
in the long axis of either pinion, the Becondariea being left 
intact. "When one wing only was operated upon, flight was 
perfect ; when both were tampered with, it was still perfect, 
but slightly laboured. 

Exp. 25. Detached rather more than a third of both 
primary and secondary feathers of either pinion in the long 
axis of the wing. In this case the bird flew with evident 
exertion, but was able, notwithstanding, to attain a very con- 
siderable altitude. 

From experiments 1, 2, 7, 8, 10, 13, 16, 22, 33, 24, and 
25, it would appear that great liberties may be taken with 
the posterior or thin margin of the wing, and the dimensions 
of the wing in this direction materially reduced, without 
destroying, or even vitiating in a marked degree, the powers 
of flight. Tins is no doubt owing to the fact indicated by 
Sir George Cayley, and fully explained by Mr. Wenham, that 
in all wings, particularly long narrow ones, the elevating 
power is transferred to the anterior or front margin. These 
experiments prove that the upward bending of the posterior 
margins of the wings during the down stroke is not necessary 
to flight 

Exp. 26. Removed alternate primary and secondary feathers 
from either wing, beginning with the first primary. The bird 
flew upwards of fifty yards with very slight effort, rose above 
an adjoining fence, and wheeled over it a second time to settle 
on a tree in the vicinity. When one wing only was oper- 
ated upon, it flew irregularly and in a lopsided manner. 

Ezp. 27. Removed alternate primary and secondary featheiB 
from either wing, beginning with the second priinary. Flight, 
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from all I could determine, perfect. When one wing only 
was cut, flight was irregular or lopsided, as in experiment 2C. 
'rem experiments 26 and 27, aa well as experiments 7 
and S, it would seem that the wing does not of necessity 
reqnire to present an unbroken or contitmous surface to the 
ur, such as ia witnessed in the pinion of the bat, and that the 
feathers, when present, may be se])arated from each other 
without destroying the utility of the pinion. In the raven 
and many other birds the extremities of the first four or 

} primaries divaricate iu a marked manner. A similar 
condition is met with iu the Alucita liexadadyla, where the 
, delicate feathery-looking processes composing the wing are 
widely removed from each other. The wing, however, ceteris 
paribus, is strongest when the feathers are not separated from 
-each other, and when they overlap, as then they are arranged 
BO as mutually to support each other, 

Exp. 28. Removed half of the primary feathers from either 
wing transversely, i.e. in the direction of the short axis of the 
wing. Flight very slightly, if at all, impaired when only one 
wing waa operated upon. When both were cut, the bird flew 
heavily, and came to the ground at no very great distance. 
This mutilation was not followed by the same result in ex- 
periments 6 and 11. On the whole, I am inclined to believe 
that the area of the wing can be curtailed with least injury 
in tlie direction of its long axis, by removing successive por- 
tions from its posterior margin. 

£xp. 39. The caqial or wriat-joint of either pinion ren- 
dered immobile by lashing the wings to slender reeds, the 
elbow-joints being left free. The hird, on leaving the hand, 
fluttered its wings vigorously, but after a brief flight came 
heavily to the ground, thus showing that a certain degree of 
twisting and folding, or flexing of the wings, is necessary to 
the flight of the bird, and that, however the superficies and 
shape of the pinions may be altered, the movements thereof 
must not be interfered with. 1 tied up the wings of a pigeon 
in the same manner, with a precisely similar result. 

The birds operated upon were, I may observe, caught in a 
net, and the experiments made witliin a few minutes from 

e time of capture. 
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Some of my readers will probably infer from the foregoing, 
that the figure-of-8 currei formed along the anterior and ikis- 
terior margins of the pinions are not necessary to flight, since 
the tips and posterior margins of the wings may be removed 
without destroying it. To such I reply, that the wiaga are 
flexible, elastic, and composed of a congeries of curved sur- 
faces, and that so long as a, portion of them remains, they 
form, or tend to form, figure-of-8 curves in every direction. 

Captain F. W. Hutton, in a recent paper " On the Flight 
of Birds" (JWs, April 1872), refers to some of the experi- 
ments detailed above, and endeavours to frame a theory of 
flight, which differs in some reapecta from my own. His 
remarks are singularly inappropriate, and illustrate in a forci- 
ble manner the old adage, " A little knowledge is a danger- 
ous thing." If Captain Hutton had taken fhe trouble to look 
into my memoir " On the Physiology of Wings," communi- 
cated to the Royal Society of Edinburgh, on the 2d of August 
1870,^ fifteen months before his own paper was written, there 
is reason to believe he would have arrived at very different 
conclusiona. Assuredly he would not have ventured to make 
the rash statements he ha^ made, the more especially as he 
attempts to controvert my views, which are based upon ana- 
tomical research and experiment, without making any dis- 
'sections or experiments of his own. 

The iVing area decreases as the Size and TFdght of the Volant 
Animal increases. — While, as explained in the last section, no 
definite relation exists between the weight of a flying animal 
and the size of its flying surfaces, there being, as stated, heavy 
bodied and small-winged insects, bats, and birds, and the con- 
verse ; and while, as I have shown by experiment, flight is 
possible within a wide range, the wings being, as a rule, in 
excess of what are required for the purposes of flight ; still 
it appears, from the researches of M. de Lucy, that there is a 
general law, to the efl'ect that the larger the volant animal 
the smaller by comparison are its flying surfaces. The exist- 
ence of such a law is very encouraging as far as artificial 



k 1 tkUnbiiTgli, Tul. xxvi 



PHOGRE89ION IS OH THEOUGH THE AIR. 



133^ 



flight is coitcerued, for it shows that the flying surfaces of a I 
large, heavy, powerful flying machine will be comparatively | 
small, and consequently comparatively compact and strong. 
This is a point of v«ry considerable importance, as the object I 
desiderated in a flying machine is elevating capacity. 
M, de Lucy has tabulated his results, which I subjoin :^ 
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"It is easy, by aid of thia table, to follow the order, 
always decreasing, of the surfaces, in proportion as the 
winged animal increases in size and weiglit. Thus, in com- 
tearing the insects with one imather, we find that the gnat, 
which weighs 460 times less than the stag-beetle, has Ibur- 
teen times more of surface. The lady-bird wei^s 150 times 
less than the stag-beetle, and possesses five times more of 
surface. It is the same with the birds. The sparrow 
weighs about ten times less than the pigeon, and iias twice as 
much surface. The pigeon weighs abovit eight times less 
than the stork, and has twice as much surface. Tlie sparrow 
weighs 339 times less than the Australian crane, and possesses 
seven times more surface. If now we compare the in- 
sects and the birds, the gradation will become even much 
more striking. The gnat, for example, weigiis 97,000 timea 
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less than the pigeon, and has forty times more surface ; it 
weighs 3,000,000 times less than the crane of Australia, 
and posBessea 149 times more of sutface than this latter, the 
weigiit of which is about 9 kilogrammes 500 grammes (25 
lbs. 5 oz. 9 dwt. troy, 20 lbs. 15 oz. 2^ dr. avoirdupois). 

The Australian crane is the heaviest bird that I have 
weighed. It ia that whicli has the smallest amount of sur- 
face, for, refeiTed to the kilogramme, it does not give us a 
surface of more than 899 square centimetres (139 square 
inches), tJiat is to say about an eleventh part of a square metre. 
But every one knows that these gridlatorial animds are excel- 
lent birds of flight. Of all travelling birds they undertake the 
longest and most remote journeys. They are, in addition, 
the eagle excepted, the birds which elevate themselves the 
highest, and the flight of which is the longest maintained,"^ 

Strictly in accordance with the foregoing, are my own 
measurements of the gannet and heron. The following de- 
tails of weight, measurement, etc., of the gannet were supplied 
by an adult specimen which I dissected during the winter of 
186D. Entire weight, 7 lbs. (minus 3 ounces); length of 
body from tip of bill to tip of tail, three feet four inches ; 
head and neck, one foot three inches ; tail, twelve inches ; 
trunk, thirteen inches ; girth of trunk, eighteen inches j ex- 
panse of wing from tip to tip across body, six feet ; widest 
portion of wing across primary feathers, six inches ; across 
secondaries, seven inches ; across tertiaries, eight inches. Each 
wing, when carefully measured and squared, gave an area of 
19i square inches. The wings of the gannet, therefore, fur- 
iiish a supporting area of three feet three inches square. As 
the bird weighs close ui>on 7 lbs., this gives si)mething like 
thirteen square inches of wing for every 3ti J ounces of body, 
i.e. one foot one square inch of wing for every 2 lbs. 4J oz, 
of body. 

The heron, a specimen of whicli I dissected at the same 
time, gave a very diflerent result, as the subjoined particularB 
will show. Weight of hotly, 3 lbs. 3 ounces ; length of body 
from tip of bill to tip of tail, three feet four inches ; head and 
neck, two feet ; tail, seven inches ; trunk, nine indies ; girth 
1 M. lie Limy, np. eil. 
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of boJy, twelve inches j expanse of wing from tip to tip across 
the body, five feet nine inches ; widest portion of wing acrtisa 
primary and tertiary feathers, eleven inches ; across secondary 
feathers, twelve inches. 

Ear-h wing, when carefully measured and squared, gave an 
area of twenty-six square inches. The wings of the heron, 
consequently, furnish a supporting area of four feet four inches 
square. As the bird only weighs 3 lbs. 3 ounces, this gives 
something liie twenty-six square iuches of wing for every 
25J ounces of bird, or one foot 5J inches square for every 
1 lb. I ounce of body. 

In the gannet there is only one foot one square inch of 
wing for every 2 lbs. 4J ounces of body. The gannet has, 
consequently, less than half of the wing area, of the heroa 
The ganoet'a wings are, however, long narrow wings (those 
of the heron are broad), which extend transversely across tiie 
body; and these are found to be the most powerful — ^the 
wings of the albatross — which measure fourteen feet from tip 
to tip (and only one foot across), elevating 18 lbs. without 
difficulty. If the wings of the gannet, which have a super- 
ficial area of three feet three inches square, are capable of 
elevating 7 lbs., while the wings of the heron, which have a 
superficial area of four feet four inches, can only elevate 3 lbs., 
it is evident (seeing the wings of both are twisted levers, and 
formed upon a common type) that the gannet's wings must 
be vibrated with greater energy than the heron's wings ; jiud 
this is actually the case. The heron's wings, as I have ascer- 
tained from observation, make GO down and fiO up strokes 
every minute ; whereas the wings of the gannet, when the 
bird is flying in a straight line to or from its fishing-ground, 
make close upon 150 up and 150 down strokes during the 
same period. The wings of the divers, and other short-winged, 
heavy-bodied birds, are urged at a mucli higher speed, so that | 
comparatively small wings can be made to elevate a compa- 
ratively heavy body, if the speed only be increased suffi- 
ciently.' Flight, therefore, as already indicated, is a qii 

' Tlie grsbea amoag birds, amltlie lieetlea nmong tmeds, furnish exanii 
where amnlt \viagB, made to vlbrnte at high apteds, am capable of eleval 
great ■weightB. 



tton of power, speed, aud small surfaces versvs weight. 
Elaborate nieasurementa of wing, area, and minute calculatioos 
of speed, can consequeatly only determine the minimum of 
wing for elevating the maxiniiim of weight — flight being 
attainable within a comparatively wide range. 

Wings, thm Form et all tt mgs Screws, structurally and 
ftmcHonallf/. — Wings vary consideraUy as to their general 
contour; some being f'ilcated or aeythe-Iike, some oblong, 
some rounded or circuKr some lanceolate, and some linear.^ 

All wingis are constructed upon a common type. They 
are in everj in tan e carcfuilj graduated, the wing tapering 
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from the root towards the tip and from the anterior mar^ 
in the direction of the posterior margin. They are of a 
generally tnanguhr form and twisted upon themselves in the 
direction of their length to form a helix or screw. They 
are con\ ex abo'v e and concai e below and more or leas flexible 
and elastic throaghout the elasticity being greatest at the 
tip 111 1 along the postenor margm They are also moveable 
in aU their parts. Figs. 61, 62, 63 (p. 138), 59 and 60 
(p. 126), 96 and 97 (p. 17 6), represent typical bird wings ; 
fi^. 17 (p. 36), 94 and 95 (p. 175), typical bat wings; and 
figa. 57 and 58 (p. 125), 89 and 90 (p. 171), 91 (p. 172), 92 
and 93 (p. 17i), typical insect wings. 

' " The winj ie Bhort, hrosil, canvei, tmJ roimdod in p;rou."0, iiarlrttlg^s, 
imregi'iiio fnknu It is ni' nil] in ate, the second quill l»iu^- lonijtHt, Djid lUe tiraC 
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In all tile ivings which I have examined, whether in the j 
insect, bat, or bird, the wing is recovered, flexed, or drawn: 
towards the body by the action of elastic ligaments, these | 
structures, by their mere contraction, causing the wing, when > 
fully extended and presenting its maximum of surface, to 
resume its position of rest and plane of least resistance. The 
principal effort required in flight is, therefore, made during 
extension, and at the beginning of the down stroke. The 
elastic ligaments are variously formed, and the amount of 
contraction which they undei^ is in all eases accurately 
adapted to the size and form of the wing, and the rapidity 
with which it is worked ; the contraction being greatest in 
the short-winged and heavy-bodied insects and birds, and 

a 
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least in the light-bodied and ample-winged ones, particularly 
such as skim or glide. The mechanical action of the elastic 
ligaments, I need scarcely remark, insures an additional 
period of repose to the wing at each stroke ; and this is a 
point of some importance, as showing that the lengthened 
and laborious flights of inaecta and birds are not without 
their stated intervals of rest. 

All wings are fumiahed at their roots with some form of 
universal joint which enables them to move not only in an 

tittle aborter ; and in the evrallows this ja stil! more the uise, the Erst quill 
being the longest, the rest rnpiilly diroinishing in length."— Macgilllvrar, 
HIat. Brit. Binis, vol. i. p. 82. "The hawks havD bueu classeil as nolile or 
i^oble, ftMOTiliiig to the lengtii and eharpneiis of their wings ; and the fftl- 
oans, or long-«iiigeii hawks, are diatingiiiahed from the ahart-wiuged ones bf 
the aeoond featlier of the wing being either the longest or eqnal in length to 
the tMrd, and by the nature of the stoop mode in porauit of their prey." — 
Falconry in the Britiah Isles, hy F. H. Salviii and W, Brodriok. Lond. 1866, 
,r.2B. ' 
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upward, liownward, forward, or backward direction, but also 
at various intermediate degreea of obliquity. All winga 
obtain their leverage by presenting oblique surfaces to the 
air, the degree of obliquity gradually increasiog in a direction 
from behind forwards and dowawarda during extension and 
the down stroke, and gradually decreasing in an opposite 
direction during flexion and the up stroke. 

In tlie insect the oblique surfaces are due to the conforma- 
tion of the shoulder-Joint, this being furnished with a system 
of clieck-ligameuts, and with horny prominences or stops, set, 

r _L 



Fio. M.— The L^riwing. or Oreea Plovor (VanrBiu rrlitaftM, HartrX ifiUi oat 
wiDg{eb, d' e' fytaiiy ia\inAeS, iiiiil rormlng ■ Inng level; the oUiBttlia^ 
s b)l«1Dg 111 n flexed oondttlou and nirmlna ■ ebort Jcver. Jn tbe extended 
^rliifl thn jfcntniur or thick mai^n {d' a' f)\» dfrfcted upvorde aDdjWiHTitr 
jVbS unvw). the paiteriDr nr thin mai^a (a, A) ifoUHuariif ud Mctn — '- 
The revvite of this hAupima duHn^ f nkcm, the entertor or Ifalirk m 
(d, <, /) buDE dlrei;(ed inmiWBrJt and finratai (riiOt *rraw|, the pod 

ralblniniiiHliilefcJbBirlngthe rowlng-ftilhers Kpimrdi indbmlhoanlj. 

wings thereroH Cwfac In onpoalls direetlana dnrtng mleDeiaa and fleilDBt 
•Bd Ihia le » poiDt of Cite utoor- " ■ '- "■- --"-- — -" -' " 



tie iictloD oTiU wing*, 




IB ([a extern 



extenaion) leaii 



huppene m Bl^t tliet [he 



lion) leaiaUiu. Bite-like surhDet, and *t uiotlm- 

omijiBntlTely non-TMiitbiB mutlicea. It nrel; 

wiDe Id 't, a b| la HI ftallr Dauid u In the flgun, 

--^--- -• ^-giB,iifa rule. Inclined op- 



as nearly as may be, at right angles to each other. The 
check-ligaments and horny prominences are so arranged that 
when the wing is made to vibrate, it is also made to rotate 
in the direction of its length, in the manner explained. 

In the bat and bird the oblique surfaces are produced by tlie 
spiral configuraticn of the articular surfaces of the bones ol 
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tlie wing, and by the rotation of tbe bones of the axm, fore- 
arm, and liand, upon their long axes. The reaction of the ] 
air also assists in the production of the ohKque surfaces. 

That the wing twists upon itself stntcturally, not only ii 
the insect, but also in the bat and bird, any one may reaidily 
satisfy himself by a careful examination; and that it twists upon 
itself during its action I have had the most convincing and re- 
peated proofs (fi^. 64, 65, and 66). The twisting in question 
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is most marked in the posterior or thin margin of the wing, the 
anterior and thicker margin performing more the part of an axis. ■ 
As a result of this arrangement, the anterior or thick margin, 
cuts into the air quietly, and as it were by stealth, the posterior 
one producing on all occasions a violent commotion, especially 
perceptible if a flame be exposed behind the vibrating wing. 
Indeed, it is a matter for surprise that the spiral conformation 
of the pinion, and its spiral mode of action, should have 
eluded observation so long ; and I shall be pardoned for 
dilating upon the subject when I state my conviction that il 
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forms the fimdamental and distinguisliing feature in fliglit, 
and must be taken into account by all who seek to solve 
this most involved and interesting problem by artificial means. 
The importance of the twisted configuration or screw-like 
form of the wing cannot be over-estimated. That this 
shape is intimately associated with flight is apparent from 
the fact that the rowing feathers of the wing of the bird are 
every one of them distinctly spiral in their nature ; in fact, 
ime entire rowing feather is equivalent — morphologically and 
physiologically— to fine entire insect wing. In the wing of 
the martin, where the bones of the pinion are short and in 
some respects rudimentary, the primary and secondary feathers 
are greatiy developed, and banked up in such a manner that 
the wing as a whole presents the same curves as those dis- 
played by the insect's wing, or by the wing of the eagle where 
the bonej, muscles, and feathers have attained a maximum 
development. The conformation of the wing is such that it 
presents a waved appearance in every direction — the waves 
running longitudinally, transversely, and obliquely. Tbe 
greater portion of the pinion may consequently be removed 
without materially affecting either its form or its ftmctiona. 
This is proved by making sections in various directions, and 
by finding, as has been already shown, that in some instances 
as much as two-thirds of the wing may be lopped off without 
visibly impairing the power of flight. The spiral nature of 
the pinion is most readily recognised when the wing is seen 
from behind and from beneath, and when it is foreshortened. 
It is also well marked in some of the long-wioged oceanic 
birds when viewed from before (figs, 82 and 83, p. 158), and 
cannot escape detection under any circumstances, if sought 
for, — the wing being essentially composed of a congeries of 
curves, remarkable alike for their apparent simplicity and the 
subtlety of their detail. 

r/w fF'ing during Us acHon reverses its Planes, and describes a 
Figure-of-8 track in spaai. — ^The twisting or rotating of the 
wing on its long axis is particularly observable during exten- 
sion and flexion in the bat and bird, and likewise in the 
insect, especially tlie beetle, cockroach, and such as fold 
their wings during repose. In tliese in extreme fiexioa 






PKOGEESSIOS IN OR THRODGH THE AIK. 



Ul 



the anterior or thick margin of the wing is directed down- 
wards, and the posterior or thin one upwards. In the act of 
extension, the margins, in virtoe of the wing rotating upon its 
bug axis, reverse their positions, the anterior or thick margins 
describing a spiral course from below upwards, the posterior 
or thin margin describing a similar but opposite course from 
above downwards. These conditions, I need scarcely observe, 
are reversed during flexion. The movements of the margins 
during flexion and extension may be represented with a con- 
siderable degree of accuracy by a figure-of-8 laid horizontally. 
In the bat and bird the wing, when it ascends and de- 
scends, describes a nearly vertical figure-of-8. In the insect, 
the wing, from the more oblique direction of the stroke. 




or do-™ stroke : llga. U8 onrt 70 the backward or up Blroka The terms 
fnrvtsrf Slid Milk siroke are liere employed *iUi reference to thehead at 
the iD3ect.—0rigiruil 

describes a nearly horizontal figure-of-8. In either case the 
wing reciprocates, and, as a rule, reverses its planes. The 
down and up strokes, as will be seen from this account, cross 
each other, aa shown more particularly at figs. 67, 68, 69, 
and 70. 

In the wasp the wing commences the down or forward 
stroke at d i>f figs. 67 and 69, and makes im angle of some- 
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tiling like 45" with the horizon (z x'). At b (figs. C7 and 69) 
the angle is slightly ditainiahed, partly because of a rotation 
of the wing along its anterior margin (long axia of wing), 
partly from increased speed, and partly from the posterior 
margin of the wiiig yielding to a greater or less extent. 
At c the angle is still more diminished ivam the satae 

At d the wing is slowed slightly, preparatory to reversing, 
and the angle made with the horizon (a;) increased. 

At e the angle, for the same reason, is still more increased; 
while at /the wing is at right angles to the horizon. It is, 
in fact, in the act of reversing. 

At g the wing is reversed, and the up or back stroke 
commenced. 

The angle made at g is, consequently, the same as that 
made at it (45°), with this difi'erence, that the anterior margin 
and outer portion of the wing, instead of being directed /w- 
viards, with reference to the head of the insect, are now 
directed hiiekwards. 

During the up or backward stroke all the phenomena are 
reversed, as shown at J A i^ A/ of figs. 68 and 70 (p. 141); the 
only difference being that the angles made by the wing with 
the horizon are somewhat leas than during the down or forward 
stroke — a circumstance which facilitates the forward travel 
of the body, while it enables the wing during the back stroke 
still to afford a considerable amount of support. This 
arrangement permits the wing to travel backwanls while the 
body is travelling forwards ; the diminution of the angles 
made by the wing in the back stroke giving very much the 
same result as if the wing were striking in the direction of 
the travel of the body. The slight upward inclination of the 
wing during the back stroke permits the body to fall down- 
wards and forwards to a slight extent at this peculiar junc- 
ture, the fall of the body, as has been already explained, 
contributing to the elevation of the wing. 

The pinion acts as a helix or sci-ew in a more or less hori- 
zontal direction from behind forwards, and from before back- 
wards; hut it likewise acts as a screw in a nearly vertical 
direction. If the wiug of the larger domestic fly be viewed 
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during its vibrations from above, it will be found that the 
blur or impression produced on the eye by its action ia more 
or less ooBcave (fig. 66, p. 130). This ia due to the fact 
that the wing is spiral in its nature, and because during its 
action it twists upon itself in such a manner a& to deecribe a 
double curve, — -the one curve being directed upwards, the 
other downwards. The double curve referred to is particularly 
evident in the flight of birds from the greater size of their 
wings. The wing, both when at rest and in motion, may not 
inaptly be compared to the blade of an ordinary screw pro- 
peller as employed in navigation. Thus the general outline 
of the wing corresponds closely with the outline of the blade 
of the propeller, and the track described by the wing in 
space ia twisted upon itself propeller fashion. The great 
velocity with which the wing is driven converts the impres- 
sion or blur into what is equivalent to a solid for the time 
being, in the same way that the spokes of a wheel in violent 
motion, as is well understood, completely occupy the sjiace 
contained within the rim or circumference of tiie wheel ^figs. 
6i, 65, and 66, p. 139). 

The figure-of-8 action of the wing explains how an insect, 
bat, or bird, may fix itself in the air, the backward and for- 
ward reciprocating action of the pinion affording support, but 
no propulsion. In these instances, the backward and forward 
strokes are made to counterbalance each other. 

The Wing, when advancing with the Body, describes a Looped 
and Waved Track. — Although the figure-of-8 represents with 
considerable fidelity the twisting of the wing upon its long axis 
during extension and fiexion, and during the down and up 
strokes when the volant animal ia playing its wings before an 
object, or still better, when it is artificially fixed, it is other- 
wise when it is free and progressing rapidly. In this case the 
wing, ia virtue of its being carried forward by the body in 
motion, describes first a looped and then a waved track. This 
looped and waved track made by the wing of the insect is re- 
presented at figs. 71 and 72, and that made by the wing of 
the bat and bird at fig. 73, p. Hi. 

The loops made by the wing of the insect, owing to the 
more oblique stroke, are more horizontal than those made by 
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vertical direction of the loops formed by the wing of the bat 
and bird will readOy be understood by referring to figs, 
74 and 75 (p. H5), which represent the wing of the bird 
making the down and up strokes, and in the act of being ex- 
tended and flexed. (Compare with figs. 64, 65, and 66, p. 
130 ; and figs. 67, 68, 69, and 70, p. 141.) 

The down and up strokes are compound movements, — the 
termination of the down stroke embraiiing the beginning of 
the up stroke; the termination of the up stroke including the 
beginning of the down stroke. This is necessary in order 
that the down and up strokes may glide into each other in 
Buch a manner as to prevent jerking and unnecessary retaFdEb- 
tion, 

Tlte Margins of llie Wing tkroicn into opposite Curves during 
Extension and Flexion. — The anterior or thick margin of the 
wing, and the posterior or thin one, form different curves, 
similar in all respects to those made by the body of the 
fish in swimming (see fig. 32, p. 68). These curves may, 
for the sake of clearness, be divided into axillary and distal 
curves, the former occurring towards the root of the wing, 
the latter towards its extremity. The curves (axillary and 
distal) found on the anterior margin of the wing are 
alwaj-B the converse of those met with on the posterior 
margin, i.e. if the convexity of the anterior axillary curve 
be directed downwards, that of the posterior axillaiy curve 
is directed upwards, and so of the anterior and posterior 
distal curves. The two curves (axiilary and distal), occurring 
on the anterior margin of the wing, are likewise antagonistic, 
the convexity of the axillary curve being always directed 
downwards, when the convexity of the distal one is directed 
upwards, and vice versd. The same holds tme of the axillary 
and distal curves occurring on the posterior margin of the 
wing. The anterior axillary and distftl curves completely 
reverse themselves during the acts of extension and flexion, 
and so of the posterior axillary and distal curves (figs. 76, 77, 
and 78). This antagonism in the axillary and distal curves 
found on the anterior and posterior margins of the wing is 
referable in tlie bat and bird to changes induced in the bones 
of the wing in the acts of flexion and extension. In the 
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insect it is due to a twisting wliicli occurs at the root of the 
wing and to the reaction of the air. 
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TA* r*i> o/ tU Bai and Bird's Wing describes an Ellipst.— 
The movements of the wrist are always the converse of those 
occurring at the elbow-joint. Thus in the bird, during ex- 
tension, the elbow and bones of the forearm are elevated, and 
describe one side of an ellipse, while the wrist and bones of 
the hand are depressed, and describe the side of another 
and opposite ellipse. These movements are reversed during 
flexion, the elbow being depressed and carried backwards, 
while the wriat is elevated and carried forwards (fig. 79). 

Esttnslon (eftow). FleiEoti ("rristx 



Pleiion (elbow). Eitenaion (wrist) 

Pio. T9.— fn H Lino ilodj wbtch the wins travels linrlUB eilenslon and flcslon. 
The body of the flsli in swlnindni; detcribea aimllu cnrres to those descrilMd 
ty thB wlug in fijiBB— (KldJ Bg. sa, p. 68.) 

The Wing capable of Change of Form in all its Parts. — From 
this description it follows that when the different portions of 
the anterior mat^n are elevated, corresponding portions of 
the posterior margin are depressed ; the different parts of the 

I wing moving in opposite directions, and playing, as it were, 
at cross purposes for a common good ; the object being to 
rotate or screw the wing down upon the wind at a gradually 
increasing angle during extension, and to rotate it in au 
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opposite direction and withdraw it at a graduaUy decreasing 
angle during fiexion. It also happens that the axillary and 
distal curves co-ordinate each other and hite altematelj', the 
distal curve posteriorly seizing the air in extreme extension 
with its concave surface (while the axillary curve relieves 
itself by presenting its convex surface) ; the ajdllary curve, on 
the other hand, biting during flexion with its concave surface 
(while the distal one relieves itself by presenting its convex 
one). The wing may therefore be regarded as exercising & 
fourfold function, the pinion in the bat and bird being made 
to move from within outwards, and ftum above downwards 
in the down stroke, during extension; and from without 
inwards, and from below upwards, in the up stroke, during 
flexion. 

The Wing during il& Vibralum, p-oduces a Cross Pidsalion. — 
The oscillation of the wing on two separate axes — the one 
running parallel with the body of the bird, the other at right 
angles to it (fig. 80, a i, e d) — is well worthy of atten- 
tion, ae showing that the wing attacks the air, on which it 
operates in every direction, and at almost the same moment, 
viz. from within outwards, and from above downwards, 
during the down stroke; and from without inwards, and 
from below upwards, during the up stroke. As a corollary 
to the foregoing, the wing may bo said to agitate the air 
in two principal direetiouB, viz. from within outwards and 
downwMds, or the converee ; and from behind forwards, or 
the converse ; the agitation in question producing two power- 
ful pulsations, a vertical and a horizontal. The wing when 
it ascends and descends produces artificial currents which 
increase its elevating and propelling power. The power of 
the wing is further augmented by similar currents developed 
during its extension and flexion. The movement of one part 
of the wing contributes to the movement of eveiy other part 
in continuous and uninterrupted succession. A^ the curves 
of the wing glide into each other when the wing is in motion, 
BO the one pulsation merges into the other by a series of 
intermediate and lesser pulsations. 

The vertical and horizontal pulsations occasioned by the 
wing in action may be fitly represented by wave-tracks running 
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at right angles to each otherj the vertical wave-track being 
the more distinct. 

Compound Eolation of [he TTmg. — To work the tip and 
posterior margin of the wing independently and yet simul- 
taneously, two axes are necessary, one axis {the short ajda) 
corresponding to the root of the wing and running across 
it ; the second (the long axis) corresponding to the anterior 
margin of the wing, and running in the direction of its length. 
The long and short axes render the movements of the wing 
eccentric in character. In the wing of the hird the movements 
of the primary or rowing feathers are also eccentric, the shaft 
of each feather being placed nearer the anterior than the pos- 
terior margin ; an arrangement which enablea the feathers to 
oi>en up and separate during flexion and the up stroke, and 
approximate and close during extension and the down one. 

These points, are illustrated at fig. 80, where a h represents 




the short axis (root of wing) with a radius t f; cd represent- 
ing the long axis (anterior margin of wing) with a radius g p. 
Fig. 80 also shows that, in the wing of the bird, the indi- 
vidual, primary, secondary, and tertiary feathers have each 
what is equivalent to a long and a short axis. Thus the 
primary, secondary, and tertiary feathers marked h, i,j, k, I are 
i^iapable of rotating on their long axes (r s), and upon their 
^L Bhort axes (m n). The feathers rotate upon their long axes 
^m in a direction from below upwards during the down stroke, 
^M to make the wing impervious to air ; and from above down- 
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wards during the np strote, to enable the air to pass through 
it. The primary, eecondary, and tertiary feathers have tliua 
a distinctly valvular action.^ The feathers rotate upon their 
short axes (m n) during the descent and asceot of the wing, 
the tip of the feathers rising slightly during the descent of 
the pinion, and falling during its ascent. The same move- 
ment virtually takes place in the posterior margin of the 
wing of the insect and hat. 

The Wing vibraies unequally wUh reference to a ffiven Line. — 
The wing, during its vibration, deacenda further below the 
body than it rises above it. This is necessary for devaling 
pu^-poses. In like manner the posterior margin of the wing 
(whatever the position of the oi^an) descends further below 
the anterior margin than it ascends above it. This is re- 
quisite for elBBolinff and pr<^dling purposes ; the under Burfacc 
of the wing being always presented at a certain upward angle 
to the horizon, and acting as a true kite (figs. 82 and 83, p. 
168. Compare with fig. 116, p. 231). If the wing oscil- 
lated equally above and beneath the body, and if the pos- 
terior margin of the wing vibrated equally above and below 
the line formed by the anterior margin, much of its elevating 
and propelling power would be sacrificed. The tail of the 
fish oscillates on either side of a given line, but it is other- 
wise with the wing of a flying animal. The fish is of nearly 
the same specific gravity as the water, so that the tail may 
be said only to propel. The flying animal, on the other 
hand, is very much heavier than the air, so that the wing re- 
quires both to propel and elevate. The wing, to be eff'ective as 
an elevating organ, must consequently be vibrated rather below 
than above the centre of gravity ; at all events, the intensity 
of the vibration should occur rather below that point. In 
making this statement, it is necessary to hear in mind that 
the centre of gravity is ever varying, the body rising and falling 
in a series of curves as the wings ascend and descend. 

To elevate and propel, the posterior margin of the wing must 
rotate round the anterior one ; the posterior margin being, as 
a rule, always on a lower level than the anterior one. By 
the oblique and more vigorous play of the wings under rather 
than above the body, each wing expends its entire energy in 
1 The degree of vnlvalar action Toriia according to drcunistanoBfc 
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pushing the body upwards and forwards. It ia necessary that 
the wings descend ftirther than they ascend ; that the wings 
be convex on their upper surfaces, and concave on their under 
ones: and that the concave or biting surfaces be brought 
more violently in contact with the air during the down stroke 
than tlie convex ones during the up stroke. The greater 
range of the wing below tlian above the body, and of the 
posterior margin below than above a given line, may ba 
readily made out by watching the flight of the larger birds. 
It is well seen in the upward flight of the lark. In the 
hovering of the kestrel over its quarry, and the hovering of 
the giill over garbage which it is about to pick up, the wings 
play above and on a level with the body rather than below 
it ; but these are exceptional movements for special purposes, 
and as they are only continued for a few seconds at a time, 
do not affect the accuracy of the general statement. 

Points wherein the Screws formed hj the Wings differ from those 
CTnployed in na-ngation. — 1. In the blade of the ordinary screw 
the integral parts are rigid and unyielding, whereas, in the 
blade of the screw formed by the wing, they are mobile and 
plastic(flg8. 93, 95, 97,pp. 174, 175, 176). This is a curious 
and interesting point, the more especially as it does not seem 
to be either appreciated or understood. The mobility and 
plasticity of the wing is necessary, because of the tenuity of 
the air, and because the pinion is an elevating and sustaining 
organ, as well as a propdUng one. 

2. The vanea of the ordinary two-bladed screw are short, 
and have a comparatively limited range, the range corre- 
sponding to their area of revolution. The wings, on the 
other hand, are long, and have a comparatively wide range; 
and during their elevation and depression rush through 
an extensive space, the slightest movement at the root or 
short axis of the wing being followed by a gigantic up 
or down stroke at the other (fig. 56, p. 120; figs. 64, 65, 
and 66, p. 139 ; flgs. 82 and S3, p. 158). As a consequence, 
the wings as a rule act upon successive and undisturbed strata 
of air. The advantage gained by this arrangement in a thin i 
medium like the air, where the quantity of air to be cora- | 
pressed is necessarily great, is simply incalculable. 
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3. In the ordinary screw the blades follow each other in 
rapid succession, so tiiat they travel over nearly the same 
epace, and operate upon nearly the same particles {whether 
water or air), in nearly the same interval of time. The 
limited range at their disposal is consequently not utilized, the 
action of the two blades being confined, as it were, to the 
same plane, and the b]ad,es being made to precede or follow 
each other in such a manner as necessitates the work being 
virtually performed only by one of them. Tiiis is particularly 
the case when the motion of the screw is rapid and the mass 
propelled is in the act of being set in motion, i.e. before it 
has acquired momentum. In this instance a large percentage 
of the moving or driving power is inevitably consumed ill 
slip, from the fact of the blades of the screw operating on 
nearly the same particles of matter. The wings, on the other 
hand, do not follow each other, but have a distinct recipro- 
cating motion, i.e. they dart first in one direction, and then 
in another and oppoeite direction, in such a manner that they 
make during the one stroke the current on which they rise 
and progress the next. The blades formed by the wings 
and the blur or impression produced on the eye by the blades 
when made to vibrate rapidly are widely separated, — the one 
blade and its blur being situated on the right side of the body 
and corresponding to the right wing, the other on the left 
and corresponding to the left wing. The right wing traverses 
and completely occupies the right half of a circle, and com- 
presses all the air contained within this space; the left 
wing occupying and working up all tlie air in the left and 
remaining half. The range or sweep of the two wings, when 
urged to their extreme limits, corresponds as nearly as may 
be to one entire circle"- (fig. 56, p. 120). By separating 
the blades of the screw, and causing them to reciprocate, 
a double result is produced, since the blades always act apon 
independent columns of air, and in no instance overiap or 
double upon each other. The advantages possessed by this 

' 0( thEa ciielB, the thorai may te regardod aa forming tta centre, th« 
Bbdomcu, ^vhich is always heavier than the hea<1, tiltini* the body slightly in 
an npwani diraDtion. This tilting ofthetrunk favours flight by canaingthe 
body to net after tha mamier at a kits. 



PBOGRESSIOS IN OH THEOtTGH THE Allt. 153 

arrangement are particularly evident when the motion is 
rapid. If the screw employed in navigation be driven beyond 
» certain speed, it cuts out the water contained within ita 
blades ; the blades and the water revolving as a sohd mass. 
Under these circumstances, the propelling power of the screw 
is diminished rather than increased. It is quite otherwise 
with the screws formed by the wings j these, because of their 
reciprocating movements, becoming more and more effective 
in proportion as the speed is increased. As there seems to 
be no limit to tlie velocity with which the wings may be 
driven, and as increased velocity necessarily results in in- 
creased elevating) propelling, and sustaining power, we have 
here a striking example of the manner in which nature 
triumphs over art even in her most ingenious, skilful, and 
successful creations, 

4, The vanes or blades of the screw, as commonly con- 
structed, are fixed at a given angle, and consequently always 
strike at the same degree of obliquity. The speed, moreover, 
with which the blades are driven, is, as nearly as may be, 
uniform. In this arrangement power is lost, the two vanes 
striking after each other in the same manner, in the same 
direction, and almost at precisely the same moment, — no 
provision being made for increasing the angle, and the pro- 
pelling power, at one stage of the stroke, and reducing it at 
another, to diminish the amount of slip incidental to the 
arrangement. The wings, on the other hand, are driven at a 
varying speed, and made to attack the air at a great variety 
of angles ; the angles which the pinions make with the hori- 
zon being gradually increased by the wings being made to 
rotate on their long axes during the down stroke, to increase the 
elecaling B,nd projielling power, and gradually decreased during 
the up stroke, to reduce the resistance occasioned by the wings 
during their ascent. The latter movement increases the sustain- 
ing area by placing the wings in a more horizontal position. It 
follows from this arrangement that every particle of air within 
the wide range of the wings is separately influenced by them, 
both during their ascent and descent, — the elevating, propel- 
ling, and sustaining power being by this means increased to a 
maximum, whUe the slip or waftage is reduced to a minimum. 



These results are further secured hy the umJulatoiy or waved 
track described by the wing during the down and up 
strokes. It ia a somewhat remarkable circumstance that 
the wing, when not actually engaged as a propeller and eleva- 
tor, acts as a saslaimr after the maaner of a parachute. Thia 
it can readily do, alike from its form and the mode of its 
application, the double curve or spiral into which it is thrown 
in action enabling it to lay hold of the air with avidity, in 
wha'uever direction it ia urged. I say " in whatever direction," 
because, even when it ia being recovered or drawn off the 
wind during the back stroke, it is climbing a gradient which 
arches above the body to be elevated, and so prevents it from 
falling. It is difficult to conceive a more admirable, simple, 
or effective arrangement, or one which would more thoroughly 
economize power. Indeed, a study of the spiral configuration 
of the wing, and its spiral, flail-like, lashing movements, in- 
volves some of the most profound problems in mathematics, 
— the curves formed by the pinion as a pinion ana^omically, 
and by the pinion in action, or physiologically, being exceed- 
ingly elegant and infinitely varied ; tlieae running into each 
other, and merging and blending, to consummate the triple 
function of demtlng, propdling, and sustaining. 

Other differences might be pointed out ; but the foregoing 
embrace the more fundamental and striking. Enough, more- 
over, has probably been said to show that it is to wing- 
structures and wing-movements the aeronaut must direct hia 
attention, if he would learn " the way of an eagle in the air," 
and if he would rise upon the whirlwind in accordance with 
natural laws. 

The Wing at all limes thormghhj under wntrd. — The wing 
is moveable in all parts, and can be wielded intelligently 
even to its extremity; a circumstance which enables the 
insect, bat, and bird to rise upon the air and tread it as a 
master — to subjugate it in fact. The wing, no doubt, abstracta 
an upward and onward recoil from the air, but in doing thia 
it exercises a selective and controlling power ; it seizes one 
current, evades another, and creates a third ; it feels and 
paws the air as a quadruped would feel and paw a treacherous 
yielding surface. It is not difficult to comprehend why this 
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ahoiild be so. If the flying creature is living, endowed witli 
volition, and capable of directing its own course, it is surely 
more reasonable to suppose that it transmits to its travelling 
surfaces the peculiar movements necessary to progression, than 
that those movements should be the result of impact from 
fortuitous currents which it has no means of regulating. That 
the bird, e.^. requires to control the wing, and that the wing 
requires to he in a condition to obey the behests of the will 
of the bird, is pretty evident from the fact that most of our 
domestic fowls can fly for considerable distances when they 
are young and when their wings are flexible; whereas when 
they are old and the wings stiS', they either do not fly at all 
or only for short distances, and with great difficulty, 'lliia 
is particularly the case with tame swans. This remark also 
holds true of the steamer or raee-horae duck {Anas hrucky- 
ptera), the younger specimens of wliich only are volant. In 
older birds the wings become too rigid and the bodies too 
heavy for tiight. Who that has watched a sea-mew struggling 
bravely with the storm, could donbt for an instant that the 
wings and feathers ofthewings are under control 1 The whole 
bird is an embodimeot of animation and power. The intelli- 
gent active eye, the easy, graceful, oscillation of the head and 
neck, the folding or partial folding of one or both wings, nay 
more, the slight tremor or quiver of the individual feathers 
of parts of the wings so rapid, that only an experienced eye 
can detect it, all confirm the belief that the living wing baa 
not only the power of directing, controlling, and utiiijing 
natural currents, but of creating and utilizing artificial ones. 
But for this power, what would enable the bat and bird to 
rise and fly in a calm, or steer their course in a gale 1 It is 
erroneous to suppose that anything is left to chance where 
living organisms are concerned, or that animals endowed with 
vohtion and travelling surfaces should be denied the privilege 
of controlling the movements of those surfaces quite independ- 
ently of the medium on which they are destined to operate, 
I will never forget the gratification aff'orded me on one occa- 
sion at Carlow (Ireland) by the flight of a pair of magnificent 
swans. The birds flew towards and past me, my attention 
baling been roused by a peculiarly loud whistling noise 



made by their wings. They flew about Sfteen yards from the 
ground, and as their pinions were urged not much faster than 
those of the heron,^ I had abundant leieure for studying their 
movements. The sight was very imposing, and as novel as it 
was grand. I had seen nothing before, and ceitainly hare 
seen nothing since that could convey a more elevated concep- 
tion of the prowess and guiding power which birds may 
exert. What particulariy stnicb me was the perfect command 
they seemed to have over themselves and the medium they 
navigated. They had their wings and bodies visibly under 
control, and the air was attacked in a manner and with an 
energy which left little doubt in my mind that it played quite 
a Bubordinate part in the great problem before me. The 
iiecks of the birds were stretched out, and their bodies to a 
great extent rigid. They advanced with a steady, stately 
motion, and swept past with a vigour and force which greatly 
impressed, and to a certain extent overawed, me. Their 
flight was what one could imagine that of a flying machine 
constructed in accordance with natural laws would be.^ 

The Natural Wtng, vilten. elevated and depressed; must move 
fmTcards. — It is a condition of natural wings, and of artificial 
wings construeted on the principle of living wings, that when 

' I hare freqnsntl; timed tbe beats of tbe wings of t1ie Common Heron 
(Ardea cinerea) in a heronr; at Warren Point. In March 1869 1 was plsced 
under unnBuaUf fnvonrabia eireuin stances for obtaining trustworthy rcanlts. 

I timed one binl high up over a Jtiku in the vicinity of the hsrotiryfor flfl^ 
■rconds, andfonndthatinthatp«riod it made fifty dawn and fifty apBtroliu ; 
i.e. one down and one up strolie per second, I timed another one In the 
heronry iteeU. It was snowing at the lime (March 1869), bnt the birds, not- 
vlthetandlng the Inclemency of the weather and tbe early time of the year, 
were setiveiy engaged in hatching, and required to he driven from thdr 
ncsta on the top of the larch trees by knocking against tbe trunks thereof with 
large sticks. One unusually anxious mother refused to leave the immediato 
neighbourhood of tlie tree containing her tender cliarge, and euT:led round sad 
round it riglit overhead. I timed this bii'd for ten seconds, and found that 
she made ten down and ten up strokes ; i.e. one dovm and one up stroke 
per second precisely ■• before. I have therefore no hesitation in aSmiing 
that the heron, in ordinary flight, makes sxactly sixty down and sixty up 
atrokea per minute, The lierou, however, like alt other birds when panued 
or agitated, has the power of greatly augmenting the nauhur of beaU made 

I I J- its wings. 

■ The a)iove observation was made at Cariow on the Barrow in Ootolwl 
lSfi7, Hid Uie aDcouiit of it is token tiom my cote-hook. 
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forcibly elevated or depresBed, even in a strictly verticttl 
direction, they inevitnbly dart forward. Tliia is well shoivn 
■ Ig. 81. 




If, for example, the wing is suddenly depressed in a vtrtieal 
direction, as represented at a b, it at once darts downwards 
and forwards ia a curve to c, thus converting the vertical 
down stroke into a down oblique forward stroke. If, again, the 
wing be suddenly elevated in a strictly vertical direction, as 
at c d, the wing as certainly darts upwards and forwards in 
a curve to e, thus converting the vertical up stroke into an 
apivard obliqai fonem-d stroke. The same thing hajipens when 
the wing is depressed from e to /, and elevated from g to A. 
In both oases the wing describes a waved track, as shown at 
e 3,g i, which dearly proves that the wing strikes downwards 
aiid fonmrds during the down stroke, and upwards and forwards 
during the up stixike. Tlie wing, in fact, ia always advancing; 
its under surface attacking the air like a boy's kite. If, on 
the other hand, the wing be forcibly depressed, as indicated 
by the heavy waved line a c, and left to itself, it will aa surely 
rise again and describe a waved track, aa shown at c e. This 
it does by rotating on its long axis, and in virtue of its flexi- 
bility and elasticity, aided by the recoil obtained from the 
air. In other words, it is not necessary to elevate the wing 
forcibly in the direction c rf to obtain the upward and forward 
movement c e. One single impulse communicated at a causes 
the wing to travel to e, and a second impulse communicated 
at e causes it to travel to i. It follows from this that a. series 
of vigorous down impulses would, if a certain interval were 
all<m>ed to elapse belween thm, beget a corresponding series of 
up impulses, in accordance with the law of action and I'e- 
action; the wing and the air under these circumstances being 
alternately active and passive, I say if a certain interval 
were allowed to elapse between every two down strokes, but 



tliis is practically impossible, as the wing is driven irith such 
velocity tliat there is positively no time to wajite in waiting 
for the purely mechanical ascent of the wisg. That the 




PIga. BSindSS aliov tbic when Lhe wltigt ore eleTntatC,/, gof Ag. gs) tlie 
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ascent of the pinion ia not, and o«glit not to be entirely due 
to the reaction of the air, is proved by the fact that in flying 
creatures (certainly in the bat and bird) there are distinct 
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elevator musclea and elastic ligaments delegated to the per- 
formance of this function. The reaction of the air ia there- 
fore only one of the forces employed in elevating the wing ; 
the othera, as I shall show presently, are vital and vito- 
mechanical in their nature. The falling downwards and for- 
wards of the body when the wings are ascending also contri- 
bute to this result. 

The IFing ascends when the Body descends, and vice versl — 
As the body of the insect, hat, and bird falls forwards in a 
curve when the wing ascends, and is elevated in a curve when 
the wing descends, it follows that the trunk of the animal ia 
urged along a waved line, as represented at I, 2, 3, 4, 5 of 
fig. 81, p. 157 ; the waved line a c e ffiof the same figure 
giving the track made by the wing. I have distinctly seen 
the alternate rise and fall of the body and wing when watch- 
ing the flight of the gull from the stem of a steam-boat. 

Tbe direction of the stroke in the insect, as has been already 
explained, is much more horizontal than in the bat or bird 
{compare figs. 82 and 83 with figs. 64, 65, and 66, p. 139). In 
either case, however, the down stroke must be delivered in a 
more or less forward direction. This ia necessary for support 
and propulsion. A horizontal to-and-fro movement will elevate, 
and an up-and-down vertical movement propel, but an oblique 
forward motion ia requisite for progressive flight. 

In all wings, whatever their position during the intervala 
if rest, and whether in one piece or in many, this feature is 
to be observed in flight. The wings are slewed downwards 
and forwards, s.b. they are carried more or leas in the direc- 
tion of the head during their descent, and reversed or carried 
in an opposite direction during their ascent In stating that 
the wings are carried away from the head during the hack 
stroke, I wish it to be understood that they do not therefore 
necessarily travel backwards in apace when the insect ia flying 
B forwards. On the contrary, the wings, as a rule, move for- 
H ward in curves, both during the down and up strokes. The 
H fact ia, that the wings at their roots are hinged and geared to 
^1 the tnink so loosely, that the body is free to oscillate in a 
^B forward or backward direction, ot in an up, down, or oblique 
^^ direction. As a consequence of this freedom of movement. 
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and as a consequence likewLae of the speed at wliich the insect 
is travelling, tke wings during the bock stroke are for the 
moat part actually travelling fonvardB. This is accounted for 
by the fact, that the body falls downwards and forwards in a, 
curve during the up or retiim stroke of the wings, and be- 
cauHo the horizontal speed attained by the body is as a rule 
so much greater than that attained by the "wings, that the 
latter are never allowed time to travel backward, the leaser 
movement being as it were swallowed up by the greater. For 
a similaic reason, the passenger of a steam-ship may travel 
rapidly in the direction of the stem of the vessel, and yet be 
carried forward in space, — the ship sailing much quicker than 
he can walk. While the wing is descending, it is rotating 
upon its root as a centre (short axis). It is aJso, and this is 
a most important point, rotating upon its anterior mai^in 
(long axis), in such a manner as to cause the several parts 
of the wing to assume various angles of inclination with the 
horizon. 

Figs. 84 and 85 supply the necessary iUnstration. 




In flexion, as a rule, the under surface of the wing (fig. 84 
a) is arranged in the same plane n-ith the body, both being in 
a line with or making a slight angle with the horizon (x x).^ 
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When the wing is made to descend, it gradually, in virtue of 
iU simultaneously rotating upon its long and short axes, 
malcea a certain angle with the horizon as represented at h. 
The angle is increased at the termination of the down stroke 
as shown at c, so that the wing, particularly its posterior 
ma.rgin, during its descent (A), is screwed or crushed down 
upon the air with its concave or biting surface directed for- 
wards and towards the earth. The same phenomena are 
indicated at ah e of fig. 85, but in this figure the wing is 
represented as travelling more decidedly forwards during its 
descent, and this is characteristic of the down stroke of the 
insect's wing — ^the stroke in the insect being delivered in n 
very oblique and more or less horizontal direction (figa. 64, 

" " p. 139 ; fig. 71, p. Hi). The forward travel of 
the wing during its descent has the effect of diminishing the 

made by the under surface of the wing with the hori- 
' ' " " 85 with the same letters of fig. 84, 




At fig, 88 (p. 166) the angles for a similar reason are stiil 
further diminished. This figure (88) gives a very accurate 
idea of the kite-like action uf the wing both during its 
descent and ascent. 

The downward screwing of the posterior margin of the 
«nd forward direction at the Ijeginning of tbe down stroke— tlie downward and 
forward rotation aucuring additianal Etevating power for tlm wing. Tlie poa- 
ttriar mai^n of tlie wing in liata and hinlti. iiuless they are flying dowawarda, 
ti«rer riaM sbove tlie anterior one, either daring the up or down atioks. 
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wiiig during the down stroke is well seen in the dragoi^ 
represented at fig. 8tJ, p. 161, 



Here the a 



rs indicate the range of the wing. At 



the beginning of the down stroke the upper or dorsal sur- 
face of the wing (i d f) is inclined slightly upwards and for- 
wards- As the wing descends the posterior margin {if) 
Iwista and rotates round the anterior margin (i d), and greatly 
increases the angle of inclination as seen at ij, g k. This rota- 
tion of the posterior margin {if) round the anterior margin 
(y A) has the effect of causing the different portions of the under 
surface of the wing to assume various angles of inclination 
with the horizon, the wing attacking the air like a boy's kite. 
The angles are greatest towards the root of tlie wing and least 
towards the tip. They accommodate themselves to the speed 
at which the different parts of the wing travel — a small 
angle with a high speed giving the same amount of buoying 
power as a lai^er angle with a diminished speed. The screw- 
ing of the under surface of the wing (particularly the posterior 
margin) in a downward direction during the down stroke is 
necessary to insure the necessary upward recoil ; the wing 
being made to swing downwards and forwards pendulum 
fashion, for the purpose of elevating the body, which it does by 
acting upon the air as a long lever, and after the manner of a 
kite. During the down stroke the wing is active, the air passive. 
In other words, the wing is depressed by a purely vital act. 

The down stroke is readUy explaine<I, and its results 
upon the body obvious. The real difficulty begins with 
the up or return stroke. If the wing was simply to travel in 
an npward and backward direction from c to a of fig. 84, 
p. 160, it is evident that it would experience much resistance 
from the superimposed air, and thus the advantages secured 
by the descent of the wing would be lost. What really 
happens is this. The wing does not travel upwards and 
Mdewards in the direction cha of fig. 84 (the body, be it 
remembered, is advancing) but upwards and foiv:ards in the 
direction cdefg. This is brought abont in the following 
manner. The vring is at right angles to the horizon (x x") at 
c. It is therefore caught by the air at the point (2) because 
of the more or less horizontal travel of the bodyj the elastic 
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ligaments and other structures combined with the resistance 
experienced from the air rotating the posterior or tiiin 
margtu of the pinion in an upward direction, as shown at 
defy and dfg of tigs. 84 and 85, p. 160. The wing by 
this partly vital and partly mechajiical arrangement is rotated 
off the wind in such a manner as to keep its dorsal or non- 
biting surface directed upwards, while its concave or biting 
surface is directed downwards. The wing, in short, has its 
planes so arranged, and it^ angles so adjusted to the speed 
at which it is travelling, that it darts up a gradient like a 
true kite, as shown at cdefgof figs. 84 and 8.^, p. 1611, 
or ffhi of fig. 88, p. IGG. The wing consequently ele- 
vates and propels during its ascent as well as during its 
descent. It is, in fact, a kite during both the down and up 
strokes. The ascent of the wing ia greatly assisted by the 
foncard travel, and downward and fmwaid fall of the body. 
This view will be readily understood by supposing, what is 
really the case, that the wing is more or less fixed by the air 
in space at the point indicated by 3 of figs. 84 and 85, p. 
IGO ; the body, the instant the wing is fixed, failing down- 
wards and forwards in a curve, which, of course, is equivalent 
to placing the wing above, and, so to speak, behind the volant 
animal — in other words, to elevating the wing preparatory to 
a second down stroke, as seen at g of the figures referred to 
(figs. 84 and 85). The ascent and descent of the wing is 
always very much greater than that of the body, from the fact 
of the pinion acting as a long lever. The peculiarity of the 
wing consists in its being a flexible lever which acts upon 
yielding fulcra (the air), the body participating in, and to a 
cettain extent peq)etuating, the movements originally produced 



by the pinion. Tlie part which the body performs in fliglit is 
indicated at fig. 87. At a the body is depressed, the wing 
being elevated and ready to make the down stroke at b. The 



ANIMAL LOCOMOTION-. 

wing descends in the direction cd, but the moment it begins 
to descend the body moveH upwards afid forwards (see arrowa) 
in a curved line to e. As the wing is attached to the body 
the wing is made gradually to assums the position /. The 
hody (e), it will be observed, is now on a higher level than 
the wing (/}; the under surface of the latter being so adjusted 
that it Btrikea upwards and forwards aa a kite. It is thua 
that the wing sustains and propels during the up stroke. The 
body {e) now falls downwaiis aid forwards in a curved line 
to g, and in doing this it elevates or assists in elevating the 
■wing to _;', The pinion is a second time depressed in the 
direction kl, which has the effect of forcing the body along a 
waved track and in an upward direction until it reaches the 
point m. The ascent of the body and the descent of the 
wing take place simultaneouBly (m n). The body and wing, 
are alternately above and beneath a given line x ^. 

A careful study of figs. 84, 85, 86, and 87, pp. 160, 161, 
and 163, shows the great importance of the twisted configura- 
tion and curves peculiar to the natural wing. If the wing 
was not curved in every direction it could not he rolled on 
and off the wind during the down and up strokcB, as seen 
more particularly at fig, 87, p. 163. This, however, is a vital 
point in progressive flight The wing (6) is rolled on to the 
wind in the direction ha, its under concave or biting surface 
being crushed hard down with the effect of elevating the body 
to 6. The body falls to g, and the wing (J) is rolled off the 
wind in the direction fj, and elevated until it assumes the 
position J. The elevation of the wing is effected partly by 
the fall of the body, partly by the action of the elevator 
muscles and elastic ligaments, and partly by the reaction of 
the air, operating on its under or concave biting surface. 
The wing is therefore to a certain extent resting during the 
up stroke. 

The concavo-convex form of the wing ia admirably adapted 
for the purposes of flight. In fact, the power which the wing 
possesses of always keeping its concave or nnder surEace 
directed downwards and forwards enables it to seize the air at 
every stage of both the up and down strokes so as to supply 
a persistent buoyancy. The action of the natural wing i 
accompanied by remarkably little slip — the elasticity o" 
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organ, the resiliency of the air, and the shortening and 
elongating of the elastic ligaments and mnscka all co-operating 
and reciprocating ill such a manner that the descent of the 
wing elevates the body; the descent of the body, aided by the 
reaction of the air and the shortening of the elastic ligaments 
and muscles, elevating the wing. The wing during the up 
stroke arches above t!ie body after the manner of a parachute, 
and prevents the body from falling. The sympathy whicli 
exists between the parts of a flying animal and the air on 
which it depends for support and progress is consequently of 
the most intimate character. 

The up stroke (B, D of figs. 84 and 85, p. 160), as will 
be seen from the foregoing account, is a compound movement 
due in some measure to recoil or resistance on the part of the 
air; to the shortening of the muscles, elastic ligaments, and 
other vital structures ; to the elasticity of the wing ; and to 
the falling of the body in a downward and forward direction. 
The wing may be regarded as rotating during the down 
strolte ujKin 1 of figs. 84 and 85, p. 160, whicli maybe taken 
to represent the long and short axes of the wing; and during 
the up stroke upon 2, which may be taken to represent the 
yielding fulcrum furnished by the air. A second pulsation is 
indicated by the numbers 3 and 4 of the same figures (34, 85). 

The JFing acts upon yielding Fulcra. — The chief peculiarity 
nf the wing, as baa been stated, consists in its being a twisted 
flexible lever specially constructed to act upon yielding 
fulcra (the air). The points of contact of the wing with the 
air are represented at abcde/gkijkl respectively of 
figs. 84 and 85, p. 160; and the imaginary points of rotation 
of the wing upon its long and short axes at 1, 3, 3, and 4 of 
the same figures. The assumed points of rotation advance from 
1 to 3 and from 2 to 4 {vide arrows marked r and s, fig. 85) ; 
these constituting the steps or pulsations of the wing. The 
actual points of rotation correspond to the little loops ah c d 
fghijl of fig. 85. The wing descends at A and C, and 
ascends at B and D. 

The Wing acts oa a true Kite both during the Down and Up 
Strokes. — If, as I have endeavoured to explain, the wing, even 
when elevated and depressed in a strictly vertical direction, 
inequitably and invarialily darts forward, it follows as a con- 
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sequence that the wing, as already partly explained, flies 
forward as a true kite, both during the down and up strokes, 
as shown Sitcdefghijklm of fig. 88; and that its under 
concave or biting surface, in virtue of the forward travel 
communicated to it by the body in motion, is closely applied 
to the air, both during its ascent and descent — a fact hitherto 
overlooked, but one of considerable importance, as showing 
how the wing furnishes a persistent buoyancy, alike when it 
rises and falls. 




Fto. 88. 

In fig. 88 the greater impulse communicated during the 
down stroke is indicated by the double dotted lines. The 
angle made by the wing with the horizon (a h) is constantly 
varying, as a comparison of c with d, d with e, e with /, / 
with ^, g with A, and h with i will show ; these letters having 
reference to supposed transverse sections of the wing. This 
figure also shows that the convex or non-biting surface of the 
wing is always directed upwards, so as to avoid unnecessary 
resistance on the part of the air to the wing during its ascent; 
whereas the concave or biting surface is always directed down- 
wards, so as to enable the wing to contend successfully with 
gravity. 

Where tJie Kite formed hy the Wing differs from the Boy's Kite, 
— The natural kite formed by the wing differs from the arti- 
ficial kite only in this, that the former is capable of being 
moved in all its parts, and is more or less flexible and elastic, 
the latter being comparatively rigid. The flexibility and 
elasticity of the kite formed by the natural wing is rendered 
necessary by the fact that the wing is articulated or hinged 
at its root ; its different parts travelling at various degrees of 
speed in proportion as they are removed from the axis of 
rotation. Thus the tip of the wing travels through a much 
greater space in a given time than a portion nearer the root. 
If the wing was not flexible and elastic, it would be impossible 
to reverse it at the end of the up and down strokes, so as to 
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produce a contiuuous vibration. The wing is also practically 
hinged along its anterior margin, ^o that the posterior mftrgin 
of the wing travels through a greater space in a given time 
than a portion nearer the anterior mai^n (fig. 80, p. 149). 
The compound rotation of the wing is greatly facilitated by the 
wing being flexible and elastic. This causes the pinion to twist 
upon its long axis during ita vibration, as alrea^ly stated. The 
twisting is partly a vital, and partly a mechanical act ; that 
is, it is occasioned in part by the action of the muscles, in part 
by the reaction of the air, and in part by the greater momen- 
tum acquired by the tip and posterior margin of the wing, 
as compared with the root and anterior margin ; the speed 
acquired by the tip and posterior margin causing them to 
reverse always subsequently to tlie root and anterior margin, 
which has the effect of throwing the anterior and posterior 
margins of the wing into figure-of-S curves. It ia in this way 
that the posterior margin of the outer portion of the wing ia 
made to incline forwards at the end of the down strobe, when 
the anterior margin is inclined backwards; the posterior 
margin of the outer portion of the wing being made to 
incline backwards at the end of the up stroke, when a cor- 
responding portion of the anterior margin is incKned forwards 
(figs. 69 and 70, (j,a, p. 141 ; fig. 86, j,/, p. 161). 

The Angles formed by the Wing ^wing its Vibrations. — Not 
the least interesting feature of the compound rotation of the 
wing-— of the varying degrees of speed attained by its different 
parts — and of the twisting or plaiting of the posterior margin 
around the anterior, — is the great variety of kite-like surfaces 
developed upon its dorsal and ventral aspects. Thus the tip 
of the wing forms a kite which is inclined upwards, forwards, 
and outwards, while the root forms a kite which is inclined 
upwards, forwards, and inwards. The angles made by the 
tip and outer portions of the wing witli the horizon are less 
than those made by the body or central part of the wing, and 
those made by the body or central part less than those made 
by the root and inner portions. The angle of inclination 
peculiar to any portion of the wing increases as the speed 
peculiar to said portion decreases, and vies versd. The wing 
ia consequently mechanically perfect ; the angles made by its 
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eeveral parts with the horizon being accurately adjueb 
the speed attained by its difTerent portions during its t 
to and fro. From this it follows that the air set in motion 
by one part of the wing U seized upon and utilized by 
another; the inner and anterior portions of the wing supply- 
ing, as it were, currents for the outer and posterior portions. 
This results from die wing always forcing the air outwards 
and backwards. These statements admit of direct proof, and 
I have frequently satisfied myself of their exactitude by ex- 
periments made with natural and artificial winga. 

In the bat and bird, the twisting of the wing upon its long 
axis is more of a vital and less of a mechanical act than in 
the insect; the muscles which regulate the vibration of the 
pinion in the former (bat and bird), extending quite to the 
tip of the wing {fig. 95, p. 1 75 ; figs. 82 and 83, p. 158). 

The Body and iVin^s move in opposite Curves. — I have stated 
that the wing advances in a waved line, as shown at a c e jr i 
of fig. 81, p. 157; and similar remarks are to be made of 
the body as indicated at 1, 2, 3, 4, 5 of that figure. Thus, 
when the wing descends in the curved line a c, it elevates 
the body in a corresponding but minor curved line, as at 
1, 2; when, on the other hand, the wing ascends in the 
curved line c e, the body descends in a corresponding but 
smaller curved line (2, 3), and eo on ad infinitum. The un- 
dulations made by the body are so trifling when compared 
mth those made by the wing, that they are apt to be 
overlooked. They are, however, deserving of attention, as 
they exercise an important influence on the undulations made 
by the wing; the body and wing swin^g forward alternately, 
the one rising when the other is falling, and vice veisd. 
Flight may be regarded as the resultant of three forces : — the 
macular and elastic force, residing in the wing, which causes 
the pinion to act as a true kite, both during the down and up 
strokes; the vaigU of ike hody, which becomes a force the 
instant the trunk is lifted from the ground, from its tendency 
to fall downwards and forwards ; and the recoil obtained from 
the air by the rapid action of the wing. These three forces 
may be said to he active and passive by turns. 

^\Tien a bird rises Irom the ground it runs for a short 
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distance, or throws its Iwdy into the air by a audden leap, 
the wmga being simultaueously elevated. TVhen the body is 
fairly off the ground, the wings are made to descend with 
great vigonr, and by their action to continue the upward 
impulse secured by the prelindnary run or leap. The body 
then fsDs in a curve downwards and forwards ; the wings, 
partly by the fall of the body, partly by the reaction of the 
air on their under surface, and partly by the shortening of 
the elevator muscles and elastic hgamenta, being placed above 
and to some extent behind the bird- — ^in other words, elevated. 
The second down stroke is now given, and the winga again 
elevated as explained, and so on in endless succession ; the 
body falling when the wings are being elevated, and vice 
vers& (fig. 81, p. 157). "When a, long-winged oceanic bird 
rises from the sea, it uses the tips of its wings aa levers for 
forcing the body np ; the points of the pinions suffering no 
inJTiry from being brought violently in contact with the 
water. A bird cannot be said to be flying until the trunk is 
swinging forward in space and taking pait in the movement. 
The hawk, when fixed in the air over its quarry, is simply 
supporting itself. To fly, in the proper acceptation of the 
term, implies to support and propel. This constitutes the 
difference between a bird and a balloon. The bird can 
elevate aTtd carry itself forward, the balloon can simply elevate 
itself, and must rise and fall in a straight line in the absence 
of currents. When the gannet throws itself from a cliff, the 
inertia of the trunk at once cornea into play, and relieves the 
bird from those herculean exertions required to raise it from 
tile water when it is once fairly settled thereon. A swallow 
dropping from the eaves of a house, or a bat from a tower, 
afford illustrations of the same principle. Many insects 
launch themselves into space prior to flight. Some, however, 
do not. Thus the blow-fly can rise from a level surface when 
its legs are removed. This is accounted for by the greater 
amplitude and more horizontal play of the insect's wing as 
com]MiJed with that of the bat and bird, and likewise by the 
remarkable reciprocating power which the insect wing pos- 
when the body of the insect is not moving fonvards 
37, 68, 69, ami 70 p. 141). AVhen a beetle attempts 
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to fly from the haud, it extends its front legs and flexea 
the back ones, and tilts its head and thorax upwards, so 
lis exMtly to resemble a horse in the act of rising from the 
ground. Tliis preliminary over, wliirr go its wings with im- 
mense velocity, and in an ahnost horizontal direction, the 
body being inclined more or less vertically. The insect riaea 
very slowly, and often reqnires to make aeveral attempts 
before it succeeds in launching itself into the air, I could 
never detect any pressure communicated to the hand when 
tiie insect waa leaving it, from which I infer that it does not 
leap into the air. The bees, I am disposed to believe, also 
rise without anything in the form of a leap or epring. I 
have often watched them leaving the petals of flowers, and 
they always appeared to me to elevate themselves by the steady 
play of their wings, which was the more necessary, as the sur- 
face from which they rose was in many cases a yielding surfaix. 
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F INSBOTH, Bats, and Birds. 

Elytra or Wing-cases, Membranous IVings— -their shape and 
usn. — The wings of insects consist either of one or two pairs. 
When two pairs are present, they are divided into an ante- 
rior or upper pair, and a posterior or under pair. In some 
instances the anterior pair are greatly modified, and present 
a corneous condition. When so modified, tliey cover the 
under wings when the insect is reposing, and have from 
this circumstance been named elytra, from the Greek ekurpov, 
a sheath. The anterior wings are dense, rigid, and opaque 
in the beetles (fig. 89, f) ; solid in one part and membran- 
aceous in another in the water-bugs (fig, 90, r) ; more or less 
membranous throughout in the grasshoppers ; and completely 
membranous in the dragon-flies (fig. ill, e i, p. 172). The 
superior or upper wings are inclined at & certain angle when 
extended, and are indirectly connected with Bight in the 
beetles, water-bugs, and grasshoppers. They are actively 
' ■} function in the dragon-flies and butterflies. 
The elytra or anterior wings are frequently employed as sua- 
I'lincrs or gliders in flight,* the posterior wings acting more 

Id elytra toke pnrt ij Hlftlit ia proved by this, that when thtj 
I, Blglit is Id mnny cuses deBtroyeil. 
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parti L'uiarljf as ehmlors and p-nptUers. In Bucli cases the elytra 
HA! twisted upon themselves after the manoer of winga. 
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The winga of insects present different degrees of opacity — 
tliose of the moths and butterflies being non-transparent; 
those of the dragon-flies, bees, and common flies presenting a 
dehcate, filmy, gossamer-like appearance. The wings in every 
case are composed of a duplicature of the integument or in- 




Fir. 91.— Tlio Dmeon-ny IPdaliingigaMtn), In thin iiiseet Ihe wiiiRa aie 
finely curved ond dtliostely tramrartnt, the neri'Hiea l^e^ng moat Btronely 
developed at the n»la oT tbe vinga and along the aiiterlnt marelna {t i, Tf: 
imd \aa,X an at the tlpa (b b), aud along Vat nosterlni luargiua (a n). Tlic 
RUterior pair (( t) an anaioaout In every reapeii toihe poateiioi {tS\ Botli 
nuliea rartain ani^e with the boif ton, tti« inlerlor inlrfe rl which >n inin- 
ctpilly used as elevaton, nuikliu i amaller angle than Ue nnMerior ]>alr 
()?)• which arenseilaB drireti. The vlDit' ot the diigon-l^niAce Ihe sniper 
inglea fnr BiKht m'en In leinM, an that the hxerl can taketowtiig Iniually. 
Tho inaeot Hies Kith astonisliing'elocily,— OiifffHipl 

vesting membrane, and are strengthened in various directions 
by a system of hollow, homy tubes, known to entomologists 
as the neurte or nervures. The nervures taper towards the 
extremity of the wing, and are strongest towards its root and 
anterior margin, where they supply the place of the arm in 
bats and birds. They are variously arranged. In tlie beetles 
they pursue a somewhat longitudinal course, and are jointed to 
admit of the wing being folded up transversely beneath the 
elytra.^ In the locusts the nervures diverge from a common 
centre, afVer the manner of a fan, so that by ' their aid the wing 
is crushed up or expanded as required ; whilst in the dragon-fly, 
• The Tvings of the May-fly are folded longitudmallj- and (tanaversdy, so 
that tliey are cmmpledup into little squares. 



PK0GRES3I0N IN OR THROUGH THE AIK. 



173 



where no folding is requisite, thej form an exquisitely reti- 
culated structure. The nervures, it may be remarked, are 
strongest in the beetles, where the body is heavy and the 
wing small. They decrease in thickness as those conditions 
are reversed, and entirely disappear in the minute chalcis and 
psilus.' The function of the nervures is not ascertained ; but 
as they contain spiral vessels which apparently communicate 
with the traoheffi of the trunk, some have regarded them as 
being connected with the respiratory system; whilst other;' 
have looked upon them as the receptacles of a subtle fluid, 
which the insect can introduce and withdraw at pleasure to 
obtain the requisite degree of exfjansion and tension in the 
wing. Neither hypothesis is satisfactory, as respiration and 
flight can be performed in their absence. Tiiey appear to 
me, when present, rather to act as mechanical stays or 
stretchers, in virtue of their rigidity and elasticity alone, — 
their arrangement being such that they admit of the wing 
being folded in various directions, if necessary, during flexion, 
and give it the requisite degree of firmness during extension. 
They are, therefore, in every respect analogous to the skeleton 
of the wing in the bat and hbd. In those wings which, 
during the period of repose, are folded up beneath the elytra, 

' e mere extension of the wing in the dead insect, ivhei* no 
injection of fluid can occur, causes the nervures to fall into 
position, and the membranous portions of the wing to unfurl 

r roll out precisely as in the living insect, and as happens in 
the bat and bird. This result is obtained by the spiral arrange- 
ment of the nervures at the root of the wing; the anterior ner- 
e occupying a higher position than that further back, as in 
the leaves of a fan. The spiral arrangement occurring at 
the root extends also to the margins, so that wings which fold 
up or close, as well as those which do not, are twisted upon 
themselves, and present a certain degree of convexity on their 
superior or upper surface, and a con^esponding concavity on 
their inferior or under surface; their free edges supplying 
I fine curves which act with such efficacy upon the air, 
in obtaining the maximum of resistance and the minimum 

f displacement ; or what is the same thing, the maximum 
of support with the minimum of sHp (figs. 92 and 03). 
1 Kirby and SpeaMi, vol, ii. 5tli uiU, p. 352. 




e made to move independently of those of 
so that the centre of gravity, which, in 
insects, bats, and birda, is suspended, is not disturbed in the 
endless evolutions involved in ascending, descending, and 
wheeling. The centre of gravity varies in insects according 
to the shape of the body, the length and shape of the 
limbs and antennte, and the position, shajie, and size of tlie 
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pinions. It ia corrected in some by curving the body, in 
others by bending or straightening the limbs and antennre, 
but principally in all by the judicious play of tlie wings 
themselves. 

The wing of the bat and bird, like that of the insect, is 

^ concavo-convex, and more or less twisted upon itself (figs. 

I 94, 95, 96, and 97). 




-RIglit wins of ths flat (FhaltnThlan gm 
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, suiiportefl b7 tha remulnlng ]>bslKDg^ 
fffliL-Orffrinoi. 

Right iHagot the Bat (nullorhlra amclli>),iiii Been 
inentli, Tflien >D ren.irai^il. lliB iiiitfr' "■'"'- - 
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The twisting is in a great measure owing to the manner in 
whiuh the bones of the wing are twisted upon themselves, and 
the spiral nature of their articular surfaces j the long axes of 
the joints always intersecting each other at nearly right angles. 
As a result of this disposition of the articular surfaces, the 
iving is shot out or extended, and retracted or flexed in a 
I variable plane, the bones of the wing rotating in the direction 
i of their length during either movement. This secondary 
action, or the revolving of tho component bonea upon their 
own axes, is of the greatest importance in the movements of 
wing, as it communicates to the hand and forearm, and 
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consequently to the membrane or feathers which they bear, 
the precise angles necessary for flight. It, in fact, insures 
that the wing, and the curtain, saU, or fringe of the wing 
shall be screwed into and down upon the air in extension, 
and unscrewed or withdrawn from it during flexion. The 
wing of the bat and bird may therefore be compared to a 
huge gimlet or auger, the axis of the gimlet representing the 
bones of the wing ; the flanges or spiral thread of the gimlet 
the frenum or sail (figs. 95 and 97). 




Fio. 98. 




Fig. 97. 

Fig. 96.— Right wing of the Red-legged Partridge (Perdix ruftra), dorsal 
aspect. Shows extreme example of short rounded wing ; contrast with the 
wing of the albatross (fig. 62, p. 137), which furnishes an extreme example 
of the long ribbon-shaped wing def, anterior margin ; 6 a c, posterior 
ditto, consisting of primary (6) secondary (a), and tertiary (c) feathers, 
with their respective coverts and subcoverts ; the whole overlapping and 
mutually supporting each other. This wing, like the kestrel's (fig. 61, p. 
136), was drawn from a specimen held against the light, the object being to 
display the mutual relation of the feathers to each other, and how the 
feathers overlap. — Orighwl. 

Fig. 97. — Right wing of Red-legged Partridge (Perdix rubra), seen from be- 
hind and from beneath, as in the beetle (fig. 93) and bat (fig. 95). The same 
lettering and explanation does for all three.— OrigiiuU. 



The Wings of Bats. 

The Bones of the Wing of the Bat — the spiral configuration 
of their articular surfaces. — The bones of the arm and hand 
are especially deserving of attention. The humerus (fig. 
17, r, p. 36) is short and powerful, and twisted upon itself 
bo the extent of something less than a quarter of a turn. 
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As & consequence, the long axis of the shoulder-joint is nearly 
at right angles to that of the elbow-joint. Similar remarks 
may be made regarding the radius (the principal bone of 
the. forearm) (rf), and the second and third metacarpal bones 
with their phalanges (e/), all of which are greatly elongated, 
and give strength and rigidity to the anterior or thick 
margin of the wing. The articular surfaces of the bonea 
alluded to, as ■well as of the other bones of the hand, are 
spirally disposed with reference to each other, the long axes 
of the joints intersecting at nearly right angles. The object 
of this arrangement is particularly evident when the wing of 
the living bat, or of one recently dead, is extended and flexed 
as in flight. 

In the flexed state the wing is greatly reduced in size, its 
under surface being nearly parallel witli the plane of progres- 
sion. Wlien the wing is fully extended its under surface 
makes a certain angle with the horizon, the wing being then 
in a position to give the down stroke, which is delivered 
dowuKards and foruards, as in tha insect. When extension 
takes place the elbow-joint is depressed and carried forwards, 
the wrist elevated and carried backwards, the metacarpo- 
phalangeal joints lowered and inclined forwards, and the 
distal phalangeal joints slightly raised and carried backwards. 
The movement of the bat's wing in extension is consequently 
a spiral one, the spiral running altemat«ly from below up- 
wards and forwards, and from above downwards and back- 
wards (compare with fig. 79, p. 147). As the bones of the 
1, forearm, and hand rotate on their axes during the exten- 
sile act, it follows that the posterior or thin margin of the 
wing is rotated in a downward direction (the anterior or 
thick one being rotated in an opposite direction) until the 
wing makes an angle of something like 30° with the horizon, 
which, as I have already endeavoured to show, is the greatest 
angle made by the wing in flight. The action of the hat's 
wing at the shoulder is particularly free, partly because the 
slioulder-joint is universal in its nature, and partly because the 
scapula participates in the movements of this region. The 
freedom of action referred to enables the bat not only to 
rotate and twist its wing as a whole, with a view to dimin- 



ji^faiDgand mcreasing the angle which its under surface makes 
with the horizoiij but to elevate and depress the wing, and 
move it in a forward and backward direction. The rotatory 
or twisting movement of the wing ia an essential feature in 
flight, as it enables the bat (and this holds true also of the 
insect and bird) to balance itself with the utmost exactitude, 
and to change its position and centre of gravity with mar- 
vellous dexterity. The movements of the shoulder-joint are 
restrained within certain limits by a system of check-ligaments, 
and by the coracoid and acromian processes of the scapula. 
The wing is recovered or flexed hy the action of elastic liga- 
ments which extend between the shoulder, elbow, and wrist. 
Certain elastic and fibrous structures situated between the 
fingers and in the substance of the wing generally take part 
in flexion. The bat flies with great ease and for lengthened 
periods. Its flight is remarkable for its softness, in which 
respect it Burpassea the owl and the other nocturnal birdti. 
The action of the wing of the bat, and the movements of 
its component hones, are essentially the same as in the bird. 



The Wings of Eird.s. 



b ird. I 



TJie Stmes of the Wing of the Bird — tlieir Aiiicular' 
faces. Movements, etc. — The humerus, or arm-bone of the 
wing, ia supported by three of the trunk-bones, viz. the 
scapula or shoulder-blade, the clavicle or collar-bone, also 
called the fiircvhim,^ and the coracoid bone, — these three 
converging to form &pn!ni (fapjmi, or centre of support for 
the head of the humerus, which is received in facettes or 
depressions situated on the scapuk and coracoid. In order 
that the wing may have an almost unlimited range of motion, 
and be wielded after the manner of a flail, it is articulated to 
the trunk by a somewhat lax universal joint, which permits 

' The fnroula are iisnojly united to the anterior part of the atBraum by 
ligament ; tot in birila of powerfol flight, where tlie wings are habitnally 
exteuded for gliding and >alliiig, » In the Mgste-bird, the union is OBaeom in 
it8 nalnre, "!□ the frigate-bird, the turciila an likewise anohylaaed wUh 
the coiuMid lionea."— Comp. inat, and Phjs. of Vertebrates, by Prof. Owcm, 
toL IL p. 66. 
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Tertical, horizontal, and intennediate movements. '^ The long 
axis of the joint is directed vertically; the joint itself some- 
what hackwards. It is otherwise with the elbow-joint, which 
is turned forwards, and has its long axis directed horizontally, 
from the fact that the humeraa is. twisted upon itself to the 
extent of nearly a quarter of a turn. The elbow-joint is 
decidedly spiral in its nature, its long axis intersecting that of 
the shoulder-joint at nearly right angles. The humerus 
articulates at the elbow with two hones, the radius and the 
ulna, the former of which is pushed from the humerus, while 
the other is drawn towards it during extension, the reverse 
occurring during flexion. Both bones, moreover, while those 
movements are taking place, revolve to a greater or less extent 
upon their own axes. Tlie bones of the forearm articulate at 
the wrist with the carpal hones, which being spirally arranged, 
and placed obhcjuely between them and the metacarpal bones, 
transmit the motions to the latter in a curved direction. The 
long axis of the wrist-joint is, as nearly as may be, at right 
angles to that of the elbow-joint, and more or less parallel 
with that of the shoulder. The metacarpal or hand-bones, 
and the phalanges or finger-bonea are more or less fused 
together, the better to support the great primary feathers, on 
the efficiency of which flight mainly depends. They are 
articulated to each other by double binge-joints, the long axes 
of which are nearly at right angles to each other. 

Afl a result of this disposition of the articular surfaces, the 
wing is shot out or extended and retracted or flexed in a 
variable plane, the bones composing the wing, particularly 
those of the forearm, rotating on their axes during either 
movement. 

This secondary action, or the revolving of the component 
bones upon their own axes, is of the greatest importance in 
the movements of the wing, as it communicates to the hand 

1 •> Tbe OS linmsri, or bone of the arm, ia articnlnted by a, eiubII ramiiled 
iarTucG to a twrrespouding CBTity formed butweea the coracoid bone and tbs 
Bcapulit, in lucb a manner aa to allow threat freedom of motion." — MoegilUvraf'a 
Brit. BinU, vol. i. p. 33. 

" The arm Is articulated to the trunk by « haU-and-sacket joint, permitting 
■11 the freedom of motioD neceBEary for Sight." — Cyo. of Auat. and Pbyi., 
vol iU. p, 42i, 



and forearm, and conaequeatly to the primary and secondaiy 
feathers which they bear, the precise angles necessary for 
flight ; it in fact insures that tlie wing, and the curtain or 
fringe of the wing which the primary and secondajy feathers 
form, ehall be screwed into and down upon the air in ex- 
tension, and unscrewed or withdrawn from it during flexion. 
The wing of the bird may therefore be compared to a huge 
gimlet or auger ; the axis of the gimlet representing the 
hones of the wing, the flanges or spiral thread of the gimlet 
the primary and secondary feathers (fig. 63, p. 138, and fig. 
97, p. 176). 

Traces of Design, in the Wing of tlie Bird — the arranffement of 
ilie Primary, Seamdary, and TmikiTy Feathers, etc. — There are 
few things in nature more admirahly constructed than the 
wing of the bird, and perhaps none where design can be more 
readily traced. Its great strength and extreme lightness, the 
manner in which it closes up or folds during flexion, and 
opens out or expands during extension, as well as the maimer 
in which the feathers are strung together and overlap each 
other in divers directions to produce at one time a aolid 
resisting B\irface, and at another on interrupted and compara- 
tively non-resisting one, present a degree of fitness to which 
the mind must necessarily revert with pleasure. If the 
feathers of the wing only are contemplated, they may be con- 
veniently divided into three sets of three each (on both sides 
of thawing) — an upper or dorsal set (fig. 61,rf,<,/,p. 136), a 
lower or ventral set (c, a, b), and one which ia intermediate. 
This division is intended to refer the featliers to the bones of 
the arm, forearm, and baud, but is more or less arbitrary in 
its nature. The lower set or tier consists of the primary (h), 
secondary (a), and tertiary (c) feathers, strung together by 
fibrous structures in such a way that they move in an out- 
ward or inward direction, or turn upon their axes, at precisely 
the same instant of time, — the middle and upper sets of 
feathers, which overlap the primary, secondary, and tertiary 
ones, constituting what are called the " coverts " and " sub- 
coverts." The primary or ron-iiig feathers are the longest and 
strongest (ft), the secondaries (a) next, and the tertiariea third 
(c). The tertiaries, however, are occasionally longer than the 
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ndaries. The tertiary, secondary, and primary feathers 
increase in strength from within outwards, i.e. from the body 
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towards the extremity of the wing, and so of the several seta 
of wing-coverts. This arrangement ia necessaiy, because the 
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strain oe tlie feathers during flight increases in proporti<M 
their distance from the trunk. 

The miumer in which the roots of the primiiry, secondary, 
and tertiary feathers are geared to each other in order to 
rotate in one direction in flexion, and in another aiid opposite 
direction in extension, is shown at figs. 98, 99, 100, and 101, 
p. 181. In flexion the featliera open up and permit the air 
to pass between them. In extension they flap together and 
render the wing ae air-tight as that of either the insect or bat. 
The primary, secondary, and tertiary feathers have conse- 
quently a valvnlar action. 

The Wing of the Bird not always opened up to ike same exieiit 
in the Up Stwlce. — The elaborate arrangements and adaptations 
for increasing the area of the wing, and making it impervious 
to air during the down stroke, and for decreasing the area 
and opening up the wing during the up stroke, although 
necessary to the flight of the heavy-bodied, ehort-winged 
birda^ as the grouse, partridge, and pheasant, are by no means 
indispensable to the flight of the long-winged ocea,nic birds, 
unless when in the act of rising irom a level surface ; neither 
do tlie short-winged heavy birds require to fold and open up 
the -wing during the up stroke to the same extent in all cases, 
less folding and opening up being required when the birds 
Hy gainst a breeze, and when they have got fairly under 
weigh. All the oceanic birds, even the albatross, require to 
fold and flap their wings vigorously when they rise from the 
surface of the water. When, however, they have acquired a 
certain degree of momentum, and are travelling at a tolerable 
horizontal speed, they can in a great measure dispense with 
the opening up of the wing during the up stroke — nay, more, 
they can in many instances dispense even with flapping. 
This is particularly the case with the albatross, which (if a 
tolerably stiff breeze be blowing) can sail about for an hour 
at a time without once flapping its wings. In this case the 
wing is wielded in one piece like the insect wing, the bird 
simply screwing and unscrewing the pinion on and off the 
wind, and exercising a restraining influence — the breeze doing 
the pjincipal part of the work. In the bat the wing is 




bird, and folded during the up stroke. 
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hmvevei-, the bat'a wing, as has been already slated, is covered 
by a continooua and more or less elastic membrane, it follows 
that it cannot be opened up to admit of the air passing 
tlirough it during the up stroke. Fhght ia the bat is thereforo 
secured by alternately diminishing and increasing the area of 
the wing during the up and down strokes — the wing rotating 
upon its root and along its anterior margin, and presenting a, 
variety of kite-like surfaces, during its ascent and descent, pre- 
cisely as in the bird (fig. 80, p. 149, and fig. 83, p. 153). 




Fic. 101— Show the ipwirtl In a 
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„_ _ii Ingfllier fopni BkitB. 

i^u, wucie ths wiugB in ^illy exteadml. 

Fluxion of the Wing iieeessary to the Flight of Birds. — Oon- 
siderable diversity of opinion exists as to whether birds do or 
do not flex their wings in flight. The discrepancy is owing 
to the great difficulty experienced in analysing animal move- 
ments, particularly when, as in the case of the wings, they are 
consecutive and rapid. My own opinion is, that the wings 
are flexed in flight but that all wings are not flexed to the 
same extent, and that what holds true of one wing does not 
necessarily liold true of another. To see the flexing of the 
wing properly, the observer should he either immediately 
above the bird or directly beneath it . If the bird be con- 
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templated from before, beliind, or from the Bide, the u]^ 
down strokes of the pinion distract the attention and c 
cate the movement to such an extent as to render the obaerv^" 
tion of httle value. In watching rooks proceeding leisurely 
against a slight breeze, I have over and over again satisfied 
myself that the wiugs are flexed during the up stroke, the 
mere extension and flexion, with very little of a down stroke, 
in such instances suf&cing for propulsion. I have also observed 
it in the pigeon in full flight, and likewise in the starling, 
sparrow, and kingfisher (fig. 103, p. 183). 

It occurs principally at the wrist-joint, and gives to the 
wing the peculiar quiver or tremor so apparent in rapid 
flight, and in young birds at feeding-time. The object to be 
attained is manifest. By the flexing of the wiiig in flight, 
the " Temiges" or rowing feathers, are opened up or thrown 
out of position, and the air permitted to escape — advantage 
being thus taken of the peculiar action of the individual 
leathera and the higher degree of diflerentiation perceptible in 
the wing of the bird as compared with that of the bat and insect. 

In order to corroborate the above opinion, I extended the 
wings of several birds as in rapid flight, and fixed them in 
the outspread position by lashing them to light unyielding 
reeds. In these experiments the shoulder and elbow-joints 
were left quite free — the wrist or carpal and the metacarpal 
joints only being bound. I took care, moreover, to interfere 
as little as possible with the action of the elastic ligament or 
alar membrane which, in ordinary circimistances, recovers or 
flexes the wing, the reeds being attached for the most part to 
the primary and secondary feathers. IVhen the wings of a 
pigeon were so tied up, the bird could not rise, although it made 
vigorous efforts to do so. When dropped from the hand, ■ 
it fell violently upon the ground, notwithstanding the strenu- 
ous exertions which it made with its pinions to save itselt 
When thrown into the air, it fluttered energetically in ita 
endeavours to reach the dove cot, which was close at hand; 
in every instance, however, it fell, more or less heavily, the 
distance attained varying with the altitude to which it was 
projected. 

Thinking that probably the novelty of the situation ftnd_ 
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the strangeness of the appliances confused the bird, I allowed 
it to walk about and to rest without removing the reeds. I 
repeated the experiment at intervale, but with no better 
results. The same phenomena, I may remark, were witnessed in 
the sparrow ; so that I think there can be no doubt that a cer- 
tain degree of flexion in the wings is indispensahle to the flight 
of ah biifls — the amount varying according to the length and 
form of the pinions, and being greatest in the short broad- 
winged biida, as the partridge and kingfisher, less in those 
whose winga are moderately long and narrow, as the gulls, and 
many of the oceanic birds, and leant in the heavy-bodied long 
and narrow- winged sailing or gliding birds, the best example 
of which is the albatross. The degree of flexion, moreover, 
varies according as the bird is rising, falling, or progressing 
in a horizontal direction, it being greatest in the two former, 
and least in the latter. 

It ifl true that in insects, unless perhaps in those which 
fold or close the wing during repose, no flexion of the pinion 
takes place in flight ; but this is no argument against this* 
mode of diminishing the wing-area diiring the up stroke 
where the joints exist ; and it is more than probable that when 
joints are present they are added to augment the power of 
the wing during its active state, i.e. during fliglit, quite as 
much as to assist in arranging the pinion on the hack or side of 
the body when the wing is passive and the animal is reposing. 
The flexion of the wing is most obvious when the bird is 
exerting itaelf, and may be detected in birds which skim or 
glide when they are rising, or when tliey are vigorously flap- 
ping their wings to secure the impetus necessary to the gliding 
movement. It is less marked at the elbow-joint than at tliu 
wrist ; and it may be stated generally that, as flexion th'- 
creases, the twisting flail-like movement of the wing at the 
shoulder increases, and vice versd, — the great ditference between 
sailing birds and those which do not soil amounting to this, 
that in the sailing birds the wing is worked from the shoulder 
I by being alternately rolled on and ofi" the wind, as in insects ; 
^L whereas, in birds which do not ghde, the spiral movement 
H travels along the arm as in bats, and manifests itself during 
K flexion and extension in the bending of the joints and in the 
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rotation of the bones of tbe wing on tbeir axes. The spiral 
conformation of the pinions, to wbtch allosion bas been so 
frequently made, is best seen in the hea^y-bodied birds, as ^ 
turkey, capercailzie, pheasant, and partridge^ and here also 
the concavo-convex form of the wing is most perceptible. Ill 
tlie light-bodied, ample-winged birds, the amount of twisting 
is diminished, and, as a result, the wing is more or less flat- 
tened, as in the searguU (fig. 103). 




Fio. 1i)3,~etaDW» tlie twiitml laren or ten 
Coinpfirc wltli*na. 63. p. Ifl7 , "Willi fl£t ' 
82 iDd BS, p. i5e.-0rivinaL 

Consideration of the Forces ithich propyl (lie Wings of Insects. 
— In the thorax of insects the muscles are arranged in two 
principal seta in the form of a crosa^i.e. there is a powerfiil 
vertical set which runs from above downwards, and a powerful 
antero-posterior set which runs from before backwards, There 
are likewise a few slender muscles which proceed in a more 
or less oblique direction. The antero-posterior and vertical 
sets of muBciea are quite distinct, as are likewise the oblique 
muscles. Portions, however, of the vertical and oblique 
muscles terminate at the root of the wing in jellydookuig 
points which greatly resemble rudimentary tendons, so that I 
am inclined to believe that the vertical and oblique muscles 
exercise a direct influence on the movements of the wing^ 
The shortening of the antero-posterior set of muscles (indi- 
rectly assisted by the oblique ones) elevates the dorsum of the 
thorax by causing its anterior extremity to approach its 
posterior extremity, and by causing the thorax to bulge out 
or expand laterally, This change in the thorax necessitatee 
the descent of the wing. The shortening of the vertical set 
(aided by the oblique ones) has a precisely opposite 
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and necessitates its ascent. While the wing is ascending and 
descending the oblique muscles cause it to rotate on its long 
axis, the bipartite division of the wing at its root, the spiral 
configmation of the joint, and the arrangement of the elastic 
aJid other stnictnTes which connect the pinion with tbe body, 
together with the resistance it experiences from the air, con- 
ferring on it the various angles which characterize the down 
and up strokes. The wing may therefore be said to be de- 
pressed by the shortening of the antero-posterior set of 
muscles, aided by the oblique muscles, and elevated by the 
Bhorttining of the vertical and oblique muscles, aided by the 
elastic ligaments, and the reaction of the air. If we adopt 
this view we have a perfect physiological explanation of the 
phenomenon, as we have a complete circle or cycle of motion, 
the antero-posterior set of muscles shortening when the 
vertical set of muscles are elongating, and vice veisiL This, I 
may add, is in confonnity with all other muscular arrange- 
ments, where we have what are usually denominated extan- 
Bors and flexors, pronators and supinators, abductors and 
adductors, etc., but which, as 1 have already explained (pp. 
24 to 34), are simply the two halvos of a circle of muscle and 
" motion, an arrangement for securing diametrically opposite 
movements in the travelling surfaces of all animals. 

Cbabrier's account, which I subjoin, virtually supports this 
hypothesis ; — 

■ It is generally through the intervention of the proper 
motions of the dorsum, which are very considerable during 
flight, that the wings or the elytra are moved equally and 
Bimultaneoualy, Tiius, when it is elevated, it carries with it 
the internal side of the base of the wings with which it is 
articulated, from which ensues the depression of the external 
Bide of the wing; and when it approaches the sternal portion 
of the trunk, the contrary takes place. IXiriug the depres- 
sion of the wings, the dorsum is curved from before back- 
wards, or in such a manner that its anterior extremity is 
brought nearer to its posterior, that its middle is elevated, 
and its lateral portions removed further from each other. 
The reverse takes place in the elevation of the wings ; the 
anterior extremity of tlie dorsum being removed to a greater 
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diatflncr from the posterior, ita middle beiog depressed, and 
its eidea brought nearer to each other. Thus its bending in 
one direction produces a diminution of its curve in the direc- 
tion normally opposed to it; and by the alternations of this 
motion, assisted by other means, the body is alternately com- 
pressed and dilated, and the wings are raised and depressed 
by turns." ^ 

In the lihelbda or dragon-flies, the muscles are inserted 
into the roots of the wings as in the bat and bird, the only 
difference being 'hat in the latter the muscles creep along the 
wings to their extremitiea. 

In all the wings which I have examined, whether in the 
insect, bat, or bird, the wings are recovered, flexed, or 
drawn towards the body by the action of elastic ligaments, 
these structures, by their mere contraction, causing the 
wings, when fidiy extended and presenting their maxixanm 
of surface, to resume their position of rest, and plane of 
least resistance. The principal effort required in flight 
would therefore seem to be made during extension and 
the down stroke, The elastic ligaments are variously formed, 
and the amount of contraction which they undergo is in 
all cases accurately adapted to the size and foi-m of the 
wings, and the rapidity with which they are worked — the 
contraction being greatest in the short-winged and heavy- 
bodied insects and birds, and least in the light-bodied and 
ample-winged ones, particularly in such as skim or glid& 
The mechanical action of the elastic hgaments, I need scarcely 
remark, insures a certain period of repose to the vrings 
at each stroke, and this is a point of some importance, ae 
showing that the lengthened and laborious flights of iiisecte 
and birds are not without their stated intervals of rest. 

Speed attained by Insects. — Many instances might be quoted 
of the marvellous powers of flight possessed by insects as a 
class. ■ The male of the silkworm-moth {Altacus Paphui) U 
stated to travel more than 100 miles a day;* and an anony- 
mous writer in Nicholson's Journal^ calculates that the com- 
mon ho«se-fiy {Mmca doiMslka), in ordinary flight, makes 600 
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strokes per second, and advances twenty-five feet, but that 
the rate of speed, if the insect be alarmed, may be increased 
six or seven fold, so that under certain circumstances it can 
outstrip the fleetest racehorse. Every one when riding on a 
warm summer day must have been struck with the cloud of 
flies which buzz about his horse's ears even when the animal 
is urged to its fastest paces ; and it is no uncommon thing 
to see a bee or a wasp endeavouring to get in at the window 
of a, railway ear in full motion. If a small insect like a fly 
can outstrip a racehorse, an insect as large as a horse would 
travel very much faster than a cannon-ball. Leeuwenhoek 
relates a most exciting chase which he once belieid in a 
meuagerie about 100 feet long between a swallow and a 
dragon-fly (Morddla). The insect flew with incredible speed, 
and wheeled with such address, that the swallow, notwith- 
standing its utmost efforts, completely failed to overtake and 

Consida'atiim of ihe Forces which propel Hie Wings of Bn/e 
and Bii-ds. — The muscular system of birds has been bo fre- 
quently and faithfully described, that I need not refer to it 
further than to say that there are muscles which by their 
action are capable of elevating and depressing the wings, and 
of causing them to move in a forward and backward direction, 
and obliquely. They can also extend or straighten and 
bend, or flex the wings, and cause them to rotate in th*e 
direction of their length during the down and up strokes. 
The muscles principally concerned in the elevation of the 
wings are the smaller pectoral or breast muscles (peclm'oles 
«■) ; those chiefly engaged in depressing the wings are the 
larger pectorals (pectorales major). The pectoral muscles cor- 

_ oud to the fleshy mass found on the breast-bone or 
sternum, which in flying birds is boat-shaped, and furnished 
with a keel. These muscles are sometimes so powerful and 
heavy that they outweigh all the other muscles of the body. 

The liobLy falcon, which nbomula ia BulK»ria during the aummec 
niontlia, hiwka lari/e dragrmfiies, which it seima with the foot and devours 
whilst in the nlT. It also kills snifts, larhs, turtle-dovoa, und hee-birds, al- 
though more mrely." — Falnunr; in tlis Britisli leles, by Primda Henry SalTiu 
and William Brodriuk, LoOd, 1855. 
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The power of the bird is thus concentratetl for the purpose of 
moving the winga and conferring ateadiness upon the volant 
mass. In birds of strong flight the keel is very large, in 
order to afford ample attachments for the musclea delegated to 
moYfl the wings. In birds which cannot Sy, as the members 
of the ostrich family, the breast-hone or sternum has no keel.^ 

The remarks made regarding the muscles of birds, apply 
witli very alight modiii cations to the muscles of bats. The 
muscles of bats and birds, particularly those of the wings, 
are geared to, and act in concert with, elastic ligaments or 
membranes, to be described presently. 

Lax midliion of the Sltoulder-Joint in Bah, Birds, etc. — The 
great laxity of the shoulder-joint in bats and birds, readily 
admits of their bodies faDing downwards and forwards during 
the up stroke. This joint, as has been already stated, admits 
of movement in every direction, so that the body of the bat 
or bird is like a compass set upon gimbals, i.e. it swings and 
oscillates, and is equally lialanced, whatever the position of 
the wings. The movements of the shoulder-joint in the bird, 
bat, and insect are restrained within certain limits by a 
system of check ligaments and prominences; but in each 
case the range of motion is very great, the winge being per- 
mitted to swing forwards, backwards, upwards, downwards, 
or at any degree of obliquity. They are also permitted to 
rotate along their anterior margin, or to twist in the direction 
of their length to the extent of nearly a quarter of a turn. 
This great freedom of movement at the shoulder-joint enables 
the insect, bat, and bird to rotate and balance upon two 
centres — the one running in the direction of the length of the 
body, the other at right angles or across the body, i.e. in 
tlie direction of the length of the wings. 

In the bird the head of the humerus is convex and some- 
what oval (not round), the long axis of the oval being directed 
from above downwards, i.e, from the dorsal towards the ven- 
tral aspect of the bird. The humerus can, therefore, glide tip 
aitd down in the facetles occurring on the articular ends of the 

> One nf tlie best desi^riptioiiB of the Ijoncs and tniisclea of the bird is that 
^vea by Mr. MocgitlivrBj' in his very Kdmirable, ToInmiuouB, uid eiit«rbdii- 
iag Bork, entitled History of British Birds. Lond. 1837 
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coracoid and scapular bones with great facility, much in the 
same way that the bead of the radius glides upon the distal 
end of the humerus. But the humerus has another motion ; 
it moves like a hinge from hffore backwards, and vice versfL 
The axiB of the latter movement is almost at right angles to 
that of the former. As, however, the shoulder-joint is con- 
nected by long ligaments to the body, and can be drawn 
away from it to the extent of one-eighth of an inch or more, 
it follows that a third and twisting vnovemtnl can be perfonnrd, 
the twisting admitting of rotation to the extent of something 
like a quarter of a turn. In raising and extending the wing 
preparatory to the downward stroke two opposite movements 
are required, viz, one from before backwards, and another 
from below upwards. As, however, the axes of these move- 
ments are at nearly right angles to each other, a spiral or 
twisting movement is necessary to run the one into the 
other — to turn the comer, in fact 

From what has been stated it will bo evident that the 
movements of the wing, particularly at the root, are remark- 
ably free, and very varied. A directing and restraining, as 
well as a propelling force, is therefore necessary. 

The guiding force is to be found in the voluntary muscles 
which connect the wing with the body in the insect, and 
which in the bat and bird, in addition to connecting the 
wing with the body, extend along the pinion even to ita tip. 
It is also to be found in the musculo-elastic and other liga- 
ments, seen to advantage in the bird. 

Tlie IFingJlsxed and ptwtly elevaUd by tlie Action of Elastic 
Ligaimnts—tke Naiun and Position, of such Ligaments in the 
Pheasant, iSnijw, Crested Crane, Swan, etc. — When the wing is 
drawn away from the body of the bird by the hand the 
posterior margin of the pinion formed by the primary, 
secondary, and tertiary feathers rolls down to make a variety 
f inclined surfaces with the horizon (cb, of fig. 63, p. 138). 
"When, however, the hand is withdrawn, even in the dead 
bird, the wing instantly folds up ; and in doing bo reduces 
the amount of inclination in the several surfaces referred 
to {cb,def of the same figure). The wing is folded by 
the action of certain elastic ligaments, which are put upon 
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the stretch in extension, and which recover their original form 
and position in flexi'on (fig. 98, e, p. 181). Thia simple ex- 
periment bHowb that the various inclined surfaces requisite 
for flight are produced by t!ie mere acts of extension and 
fiexion in the dead bird. It is not, however, to be inferred 
frum this cirouiaatance that flight can be prodnced without 
voluntary movements any more than ordinary walking. Thfl 
muBcIes, bones, ligaments, feathers, etc., are bo adjusted with 
reference to each other that if the wing is moved at all, 
it must move in the proper direction— an arrangement which 
enables the bird to fly witliont thinking, just as we can 
walk without thinking. There cannot, however, be a doubt 
that the hir<I has the power of controlling its wings both 
during the down and up strokes ; for how otherwise could 
it steer and direct its course with such precision in obtain- 
ing its food 1 how fix its wings on a level with or above 
its boiiy for skimming purposes t how fly in a curve 1 how 
fly with, against, or across a breeze 1 how project itself from 
a rock directly into space, or how elevate itself from a level 
surface by the laboured action of its wings 1 

The wing of the bird is elevated to a certain extent in 
flight by the reaction of the air upon iu under surface ; but 
it is also elevated by muscular action — by the contraction of 
the elastic ligaments, and by the body falling downwards and 
forwards in a curve. 

Tliat muscular action is necessary is proved by the fact 
that the pinion is supplied with distinct elevator muscles.' 
It is further proved by this, that the bird can, and always 

* Mr. Klncglllivmy and C. J. L. Krarup, a Dnniiih Kuthor, Rtate that tha 
■wing ii elevated by a vitoi force, yiz. by the contraction of tlie ptctonii* 
vtinor. Thia ranaolB, according to Krarap, acts with one-eiglith tlie intonslty 
nt tha jKctomiia TiK^'or {the depressor of the wing). He boseB his ststeoient 
upon the fact tliat in the pigeon tlie pectoralia minor or elevatar of the wing 
waigha one^eightJi of an ounce, whereaa tie pectoralis major or depreaaor of 
tbe wing neigha fteien.eightha of an ounce. It ought, however, to be borne is 
rnind tliat the volnme of a moaule does not necessarily determine the predia 
inliuancB eierted by its action ; for the tendon of the rauBclu may bo nude to 
■at npon « long lever, and, under favourable condition*, for developing Vet 
powen, wiiile that of another muscle may be made ti act upon a abort leTcr, 
and, consiMiuently, under unfavourable conditions.^ — On tha Plight of Binls, 
p. aa Copenhagen, 1888, ■ 
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does, elevate its wings prior to flight, quite independently of 
the air. When the tird is fairly launched in space the 
elevator mnscles are assisted by the tendency which the body 
baa to fall downwaida and forwards : by the reaction of the 
air; and by the contraction of the elastic ligaments. The 
air and the elastic ligamenta contribute to the elevation of 
the wing, but both are obviously under control — they, in fact, 
form links in a chain of motion which at once begins and 
terminates in the muscular system. 

That tho elastic ligaments are subsidiaiy and to a certain 
extent under the control of the muaeuiar system in the same 
sense that the air is, is evident from the fact that voluntary 
muscular fibres run into the ligaments in question at various 
points (a, b of fig. 98, p. 181), The ligamenta and muscolar 
fibres act in conjunction, and fold or flex the forearm on the 
arm. There are others which flex the hand upon the forearm. 
Others draw the wing towards the body. 

The elastic ligaments, while occnpying a similar position in 
the wings of all birds, are variously constructed and variously 
combined with voluntary muscles in the several species. 

The Elastic Ligaments more highly differentiated in Wings 
which vibrate rapidly. — The elastic ligamenta of the swan are 
more complicated and more liberally snpplied with voluntary 
muscle than those of the crane, and this is no doubt owing to 
the fact that the wings of the swan are driven at a much 
higher speed than those of the crane. In the snipe the win^ 
are made to vibrate very much more rapidly than in the swan, 
and, as a consequence, we find that the flhro-elastic bands are 
not only greatly increased, but they are also geared to a much 
greater number of voluntary muEcles, all which seems to 
prove that the musculo-elaatic apparatus employed for recover- 
ing or flexing tlie wing towards the end of the down stroke, 
becomes more and more highly differentiated in proportion to 
the rapidity with which the wing is moved.^ The reason for 
this ia obvious. If the wing ia to be worked at a higher 
speed, it must, as a consequence, be more rapidly flexed and 

^ A cnrefnl accomit of tlie moecDlo-elnstii: Btnictures occurring In tho irlng 
-of the pigeon la givea b; Mr, MiLcgllUvruy in Ma UiBtoiy of Britisli Birds, 
[ pp. 37, 3S. 
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extended. The rapidity with which the wii^ of tlie 

extended and flexed is ia eome instances exceedingly great; 
80 great, in fact, that it escapes the eye of the ordinaiy observer. 
The speed with wliich the wing darts in and out in fleidon 
and extension would be quite inexplicable, but for a know- 
ledge of the fact that the different portions of the pinion form 
angles with each other, these angles being instantly increased 
or diminished by the slightest quiver of the muscular and 
fibro-elastic systems. If we take into account the fact that 
the wing of the bird is recovered or fiexed by the combined 
action of voluntary muscles and elastic ligaments ; that it is 
elevated to a considerable extent by volunt-aiy muscular effort ; 
and that it is extended and depressed entirely by muscular 
exertion, we shall have difficulty in avoiding the conclusion 
that the wing is thoroughly under the control of the muscular 
system, not only in flexion and extension, but also throughout 
the entire down and up strokes. 

An arrangement in every respect analogous to that de.scribed 
in the bird is found in the wing of the bat, the covering or 
web of the wing in this instance forming the principal elastic 
ligament (fig. 17, p. 36). 

Power of the Wing— to what owing. — The shape and power 
of the piaion depend upon one of three circumstances — to 
wit, the length of the humerus,^ the length of the cubitus or 
forearm, and tlie length of the primary feathers. In the 
Bwallow the humerus, and in the humming-bird the cubitus, 
is very short, the primaries being very longj whereaa in the 
albatross the humerus or arm-bone is long and the primaries 
short. When one of these conditions is fulfilled, the pinion 
w usually greatly elongated and ecythe-lilce {fig. 62, p, 137) 
— an arrangement which enables the bird to keep on the 
wing for immense periods with comparatively little exetti<»i, 
and to wheel, turn, and glide about with exceeding ease and 
grace. When the wing la truncated and rounded (fig. 96, p, 

1 "The hamaroa varies extremflly In length, being very short in the iml- 
low, of moileritte length in the gallinDd'oua hircla, longer in the cron^ veiy 
\atiK in the gnnnets, and nnuaiially elongated in the alhstroaa. In tbagoldCB 
esglfi it la also Be«n to be of great leiigtli."— Macgillivray'a Biitiih Biris 
vol. L p. sa 



PBOaRESSION IN OK THHOUGH THE AIR. 



195 



176), a form of pinion usually associated with a heavy body, 
aa in the grouse, quail, diver, and grebe, the muscular exer- 
tion required, and the rapidity with which the wing moves 
are very great; thoee birds, from a want of facility in turning, 
flying either in a straight line or making la^e curves. They, 
moreover, rise with difficulty, and alight clumsily and some- 
what suddenly. Their flight, however, is perfect while it lasts. 

The goose, duck (fig. 107, p. 204), pigeon (fig. 106, p. 
203) and crow, are intermediate both as regards the form 
of the wing and the rapidity with which it is moved. 

The heron (fig. 60, p. 126) and humming-bird furnish ex- 
treme examples in another direction,— the heron having a 
large wing with a leisurely movement, the humming-bird a 
comparatively large wing with a greatly accelerated one. 

But I need not multiply examples ; suffice it to say that 
flight may be attained within certain limits by every size and 
form of wing, if the number of its oscillations be increased in 
proportion to the weight to be raised. 

£e<ison£ why the effective Stroke should he delivered downwards 
amd forwards. — The wings of all birds, whatever their form, 
act by alternately presenting oblique and comparatively non- 
ohlique Burfacea to the air, — the mere extension of the pinion, 
as has been shown, causing the primary, secondary, and ter- 
tiary feathers to roll down till they make an angle of 30° or 
BO with the horizon, in order to prepare it for giving the 
effective stroke, which is delivered, with great rapidity and 
energy, in a downward and forward direction. I repeat, 
" downwards and forwards ; " for a careful examination of 
tlie relations of the wing in the dead bird, and a close ob- 
servation of its action in the living one, supplemented by a 
large number of experiments with natural and artificial 
wings, have fully convinced me that the stroke is invariably 
delivered in this direction.^ If the wing did not strike 

' PrsmiUiig Gpiniaita ai lothe Directum of (he Dmott Stroke.— Ht. Msogil- 
livray, in his History of British Birds, publisheil in 1S37, states (p. 3j) 
that in fleicion tbs wing is drawn npwurds, forwnrda, und iuwarda, but 
tbat during eitenaion, wben tlie effective stroke is gicen, it ia mode to 
•trika outwards, downwerda, anil bachuiardi. Tbe Dulia of Argjll holda 
« Bimilar oplnios. lu spfaldiig of tbe hcvering of biida, he asBerta that. 
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downwarda and foneards, it Trould act at a manifeat 
advantage: — 

IsL Because it would present the back or convex surface of 
the wing to the air — a convex surface dispersing or dissipating 
the air, while a concave Burfaca gathers it together or foousee it. 

M. In order to strike backwards effectually, the concavity 
of the wing would also require to be turned backwards ; and 
this would involve the depression of the anterior or thick 
maigin of the pinion, and the elevation of the posterior or 
thin one, during the down stroke, which never happens. 

3ff. The strain to whicb the pinion is subjected in Sight 
would, if the wing struck backwards, fall, not on the anterior 
or strong margin of the pinion formed by the bones and 
muscles, but on the posterior or weak margin formed by the 
tips of the primary, secondary, and tertiary feathers — which 
is not in accordance with the structure of the parts. 

4lh. The feathers of the wing, instead of being closed, as 
re, by a downward and forward movement, 



"if e. bird, hy alterhig &B aiiB of it» own body, can dinct ita «ing HtrolcB 
In some ilegree fanoaTds, it wil! liave the effect of stoppiag iniitetid ot 
promatiDg pragresaion ; " and that, " Exoept for the purpose of aTTBiting 
their flight, birds can never strike except diTedly dovniwardi — that is, 
directly agsinat the opposing toi™ of grai ity."— Good Worda, Feb. 1865, 
p. 132. 

Mr. Bishop, in the Cyo. of Anst. and Phys., vol. iii. p. i2S, uy*, "In 
CnnseqnBnce of the planea of the minga iieing disposed either jjerpeiwfiauiorfy 
or rMiqudy bmhcarda to the direction of their motion, a correeponding im- 
pulae is given to their centre of gravity." Frofeuor Onen, in like manner, 
avers tiiat " a downward atralie would only tend ta raise the hird in the ur ; 
to carry it forwirds, the wings require to lie moved in an obliipw plmi^ go 
as to etrilce bacJcviarili na v(eil aa downwarda. "—Comp. Anat. and Fhys. and 
Vertebrates, vol. ii. p. 116. 

The following ia the account given by M. E. Liaia :— " When 1 bird ie about 
to depress ita wing, this ia a little inclined iVom before hackwarda. Whan 
thadeacendingmovement corameaces, the wing does not descend pnrallel to 
itself in a direetion from before hackwords ; bat the movement ia accompanied 
by a rotation of several degreea ronnd the anterior edge, so that the wing 
becomea more in IVont than behind, and elie descending movemait & trant- 
ferredinere and more ladtiaj.rda. . . . Wlien the wing haa completely 
deacendad. It ia hoth /u.rtka- bad and lower than at the commencGment of 
the movement."— " On the Flight of Birds and Inaecta." ATii nla of Nat 
Hist. vol. xr. 3d serlea, p. ISO. 
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would be inevitably opened, and the integrity of the wiiig 
impaired by a downward and backward movement. 

5(A. The disposition of the articular surfaces of the wing 
(particularly that of the shouldei-joint) is such as to facilitate 
the downward and forward movement, while it in a great 
measure prevents the downward and backward one. 

6tt arid lastly. If the wing did in reality strike downwards 
and bachwiwds, a result the converse of that desired would 
most assuredly be produced, as an oblique surface which 
smites the air in a downward and backward direction (if 
left to itself) tends to depress the body bearing it This is 
proved by the action upon the air of free inclined planes, 
arranged in the form of a screw. 

The Wing acts as an Eleeaior, Propeller, and Sustam^, both 
during extension and flenion. — The wing, as has been ex- 
plained, is recovered or drawn off the wind principally by the 
eontraction of the elastic ligaments extending between the 
joints, so that the pinion during flexion enjoys a certain 
degree of repose. The time occupied in recovering is not 
lost so long as the wing makes an angle with the horizon 
and the bird is in motion, it being a matter of indifibrence 
whether the wing acts on the air, or the air on the wing, so 
long as the body bearing the latter is under weigh ; and this 
ia the chief reason why the albatross, which is a very heavy 
bird,^ can sail about for such incredible periods without flap- 
ping the wings at all. Captain Hutton thus graphically 
describes the sailing of this magnificent bird ; — " The flight of 
the albatross is truly majestic, as with outstretched motionless 
v/ings he sails over the surface of the sea — now rising high 
in air, now with a bold sweep, and wings inclined at an angle 
with the horizon, descending until the tip of the lower one all 
but touches the crest of the waves as he skims over them."* 

£ijrfs of Flight divisihh into four kinds : — 

Isi. Such as have heavy bodies and short wings with a 
rapid movement (fig. 59, p. 12C). 

' The avsragB weight of the albtttroas, as glveu bj Gould, ia IT Ita. — Iliia, 
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2d. Such as Have light bodies and large wings 
leisurely movement {fig. fiO, p. 126; fig. 103, p. 186), 

3d. Such as have heavy bodies and long narrow wings 
with b decidedly slow movement (fig, 105, p. 200). 

ilh. Such aa are intermediate with regard to the size of 
body, the dimensions of the wiDg, and the energy with which 
it is drivBn (fig. 103, p. 183; fig. 106, p. 203; fig. 107, 
p. 204). 

They may be subdivided into those which float, skim, or 
glide, and those which fly in a straight line and irregularly. 

The pheasant, partridge (fig. 5il, p. 12G), grouse, and quail, 
furnish good examples of the heavy-bodied, short-winged 
birds. In these the wing is rounded and deeply concave. 
It is, moreover, wielded with immense velocity and power. 

The heron (fig. 60, p. 12C), sea-mew (fig. 103, p. 186), lap- 
wing (fig. 63, p. 138), and owl (fig. 104), supply examples of 
the second class, where the wing, aa compared with the body, 
ia very ample, and where coosequently it is moved more 
leisurely and less energetically. 




7i-0nl (Sirli eaptvuli, Smlib}. aa ■een In full fiL 

jurfacH cif Ui6 wings and body are inclined slW 

and let limn tlio air ina thu maunec of it ate. (Ornnpuv * 
laa, uid fig. lOS, p. isa,)— Or^finui. ^ 



The albatross (fig. 105, p. 200) and pelican afford : 
stances of the third class, embracing the heavy-bodied, long- 
winged birds. 

The duck (fig. 107, p. 204), pigeon (fig. 106, p. 203), crow 
and thrush, are intermediate, both aa regards the size of the 
wing and the rapidity with which it is made to oscUlate. 
These constitute the fourth class. 

The albatross (fig. 105, p. 200), swallow, eagle, and hawk, 
provide instances of sailing or gliding birds, where the wing 
ia ample, elongated, and more or less pointed, and where adU 
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vantage is taken of the weight of the body and the shape of 
the pinion to utilize the air as a supporting medium. In 
these the pinion acta as a long lever,^ and is wielded with 
great precision and power, particularly at the shoulder. 

Tke Flight of tlie Albatross compared to tht Mmiemenls of a 
Compass set upon Gimbals. — A careful examination of the 
movements in akinuning birds has led me to conclude that 
by a judicious twisting or screw-like action of the wings at 
the shoulder, in which the pinions are alternately advanced 
towards and withdrawn from the head in a manner analogous 
to what occurs at the loins in skating without lifting the 
feet, birds of this order can not only maintain the motion 
which they aecure by a few energetic flappings, but, if neces- 
sary, actually increase it, and that without either bending the 
wing or beating the air. 

The forward and backward screwing action of the pinion 
refeiTed to, in no way interferes, I may remark, with the rota- 
tion of the wing on its long axis, the pinion being advanced 
and screwed down upon the wind, and retracted and un- 
screwed alternately. Aa the movements described enable 
the sailing bird to tilt its body from before backwards, or 

■ Advantages poasaaed by Itmg Pmiora. — The long narrow wings are most 
effective as elasatore and propeliera, from tile fact (pointed out by Mr. Wen- 
iam) tbat at high speeds, with very oblique incidences, the »Qpportiiig effect 
becomes transferred to ihe/ront edgs of the pinion. It ia in this way "that 
the effectivB propelling area of the two-blaiied screw is tantaraonnt to its 
entire circle of revolution." A similar principle was announced by Sir George 
Cajley upwards of fifty yeara ago. " in very acute angles icitA the current, it 
appears that the centre of reaistance in the sail does not coineidB with the 
centre of its surface, but ia eonHdtrably i« /nml of it As the obliquity of 
the correat decreaaea, these centres approach, and coincide when the onrrent 
becomes perpandieolarto the plane; hence any heel of the machine backwards 
or focwanls remotes the centre of support behind or before the point of ens- 
pension. "^ — Nicholsou's Journal, vol. iiv. p. S3. When the apeed attained 
by the bird ii grealiy aatdmited, and the atratitm ofaiTjiaesed over in anggiven 
liMt mormoMAy i'ncrea«rf, the support aiforded by the air to the inclined 
planes formed by the wings is Hkew/ise augmented. This is proved by the 
rapid flight of sliiniming or sailing birds when tbe wings are moverl at long 
inten'als and very leisurely. The samo principle sapports the skater as he 
rushes impetuously over insecare ice, and the thtn flat stone projected along 
the Burfaoe of still water. Tbe velocity of the movement lu either case pre- 
veuts niiluog by not giving tiie supporting particles time to separate. 
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the converse, and from side to Bide or laterally, it i 
I OBcillating on one of two ceiilres, as t 
at fig. 105; the one corresponding with the long ; 
the body (fig. 105, a b), the other with the long axis of the 
wingB (c d). Between these two extremeB every variety of 
sailing and gliding motioa which is poasible in the mariner's 
compass when set upon gimbals may be performed ; so that 
a skimming or sailing bird may be said to poesess perfect 
command over itself and over the element in which it movM. 




Capt^Q Button makes the following remarkable t 
ment regarding the albatross : — " I have sometimes watched 
narrowly one of these birds sailing and wheeling about in all 
directions for more than an hour, without seeing the sb'ghtest 
movement of the wings, and have never witnessed anything 
to equal the ease and grace of this bird as he sweeps past, 
often within a few yards, every part of his body perfectly 
motionless except the head and eye, which turn slowly and 
seem to take notice of eveTything." ' 



As an antithesis to the apparently lifeless wings t 

le fifths Birds ialisbitiiig the Sattthem Ocean." — Ibis, Urn 
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albatross, the ceaseless activity of ttoBS of the humming-bird 
may be adduced. In those de]icat« and exquisitely beautiful 
birds, the wings, according to Mr, Gould, move so rapidly 
when the bird ia poised before an object, that it is impossible 
for the eye to follow each stroke, and a hazy circle of indis- 
tinctness on each side of the bird is aJl that is perceptible. 
^Vien the humming-bird flies in a horizontal direction, it 
occasionally proceeds with such velocity as altogether to elude 
observation. 

Tk6 regular and in-cgidar m FHffht. — The coot, diver, duck, 
and goose fly with great regularity in nearly a straight line, 
and with immense speed ; they rarely if ever skim or glide, 
their wings being too small for this purpose. The wood- 
pecker, magpie, fieldfare and sparrow, supply examples of 
what may be termed the " irregular " in flight. These, as is 
well known, fly in curves of greater or less magnitude, 
by giving a few vigorous strokes and then desisting, the 
effect of which is to project them along a series of para- 
bolic curves. The snipe and woodcock are irregular in 
another respect, their flight being sudden, jerky, and irom 
side to side. 

Modi of ascending, descendiruj, tviming, etc. — All birds which 
do not, like the swallow and humming-birds, drop from a 
height, raise themselves at first by a vigorous leap, in which 
they incline their bodies in an upward direction, the height 
thus attained enabling them to extend and depress their 
wings without injury to the feathers. By a few sweeping 
strokes delivered downwards and forwards, in which the 
wings are made nearly to meet above and below the body, 
they lever themselves upwards and forwards, and in a sur- 
prisingly short time acquire that degree of momentum which 
greatly assists them in their future career. In rising fern 
the ground, as may readily be seen in the crow, pigeon, 
and kingfisher (fig. 102, p. 183), the tail is expanded and the 
, neck stretched out, so that the body is converted into an 
incline<l plane, and acts mechanically as a kite. The centre 

I of gravity and the position of the body are changed at the 
will of the bird by movements in the neck, feet, and tail, 
and by increasing or decreasing the angles which the under 
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BurfacQ of the wings makes with the horizon. When ^ 
wishes to fly in a horizontal direction, it causes the uiu 
surface of its wings to make a shght forward angle with the 
horizon, "When it wishes to ascend, the angle ia increased. 
When it wishes to descend, it causes the under surface of the 
winga to make a slight lachoard angle with the horizon. 
When a bird flies up, its wings strike downwards and /orwianis. 
When it flies down, its wings strike downwards and backwards. 
When a sufficient altitude has been attained, the length of 
the downward stroke ia generally curtailed, the mere exten- 
sion and flexion of the wing, assisted by the weight of the 
body, in such instances sufficing. This is especially the case 
if the bird is advancing against a slight breeze, the effort 
required under such circumstances being nominal in amount. 
That little power is expended is proved by the endless 
gyrations of rooks and other birds ; these being continued 
for hours together. In birds which glide or skim, it has 
appeared to me that the wing is recovered muoh more 
quickly, and the down stroke delivered more slowly, than 
in ordinary flight — in fact, that the rapidity with which the 
wing acta in an upward and downward direction is, in some 
instances, reversed ; and this is what we should naturally 
expect when we recollect that in gliding, the winga requin 
to be, for the most part, in the expanded condition. K 
this observation be correct, it follows that birds have the 
power of modifying the duration of the up and down strokes 
at pleasure. Although the wing of the bird usually strikes 
the air at an angle which varies from 15" to -30°, the angle 
may he increased to such an extent as to subvert the position 
of the bird. The tumbler pigeon, e.g. can, by slewing its 
wings forwards and suddenly throwing back its head, turn 
a somersault, ^\^len birds are fairly on the wing they have 
the air, unless when that is greatly agitated by a etonn, 
completely under control. This .irises from their greater 
specific gravity, and because they are possessed of independent 
motion, If they want to turn, they have simply to tilt their 
bodies laterally, as a railway carriage would be tilted in 
taking a cnrve,^ or to increase tiie number of heats given ly 
"If the ulbatrosa desirea to turn to the riybt Le beailE hia head ft 
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tlie one wing as compared with the other ; or to keep the 
one wing extended while the other is partially flexed. The 
neck, feet, and tail may or may not contribute to this result. 
If the bird wishes to riBo, it tilts its entire body (the neck 
and tail participating) in an upward direction (lig. 59, p. 126 ; 
fig. 102, p. 183) ; or it rises principally hy the action of the 
wing8 and by muscular efforts, as happens in the lark. The 
bird can in this manner likewise retain its position in the 
air, as may be observed in the hawk when hovering above 
its prey. If the bird desires to descend, it may reverse 
the direction of the inclined plane formed by the body and 
wings, and plunge head foremost with extended pinions 




Fig. 106.— tub Pleeon (TtwoB Mdnrfa, Jenioii>. flying downwurfEi md taming 
iirlur to iligMlog, TbB ptgeuu eiiniuda its tiiT butli in imcoinllDg and 
aoaooDiUng.— Orii/lnoi. 

(fig. 106); or it may flex the wings, and so accelerate its 
pace; or it may raise its wings and drop parachute-fashion 
(fig. 55, p. 112 ; g,goi fig. 82, p. 158) ; or it may even fly 
in a downward direction — a few sudden strokes, a more 
or less abrupt curve, and a certain degree of horizontal 
movement being in either case necessary to break the 

slightly upvardg, at the Home time miaing his left side aai! wing, and lowerins 
the right in prnportion to the BharpnesH of the curse he wishes to mako, tha 
wings heing liept quite rigid the whole time. To such an extent dues he do 
this, that in sweaping roand, his wings are often pointed in a direction neaily 
perpondioular to the sea ; and this poeition of the wings, more or less inclined 
to the hociion, is Been always and only when the bin! is turning."— " On some 
of the Bird« inhabitiog the Southeni Ocean." Ibis, 2d seriea,' vol. i. 1865, 
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fall prBvioua to alighting (fig. 107, below). Birds which 
fish on the wing, as the osprey and ganiiet, precipitate 
themselvea from incredible heights, and drop into the water 
with the velocity of a meteorite — the momentum which 
they acquire during their descent materiaUy aiding tiem 
in their subaqueous flight. They emerge from the water 
and are ag^n upon the wing before the eddies occasioned 
by their precipitous descent have well subsided, in some cases 
rising apparently without effort, and in others r unni ng along 
and beating the surface of the water for a brief period with 
their pinions and feet. 

Tht Flight of Birds referable to Muscular Exertion and Weighi. 
— The various movements involved in ascending, descending. 



wheeling, gUding, and progressing horizontally, are 

result of muscular power and weight, properly direct 

acting upon appropriate aurfaces — that apparent buoyancffu' 
birds which we so highly esteem, arising not from eaperior 
lightness, but from their possessing that degree of solidity 
which enables them to subjugate the air, — weight and inde- 
pendent motion, i.i: motion associated with animal life, or 
what is equivalent thereto, beingthe two things indispensable 
in succeaaful aerial progression. The weight in insects and 
birds is in great measure owing t-o their greatly developed 
muscular system, this beiug in that delicate state of tonicity 
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which enables them to act tlirough its instrumentality with 
marvelloua dexterity and power, and to expend or reserve 
their energies, which they can do with the utmost exactitude, 
in their apparently interminable flights. 

lAfUng-mpadty of Btrdi. — The muscular power in birds is 
usually greatly in exceaa, particularly in birds of prey, as, e.g. 
the condors, eagles, hawks, and owls. The eagles are remark- 
able in this respect— these having been known to carry off 
young deer, lambs, rabbits, hares, and, it is averred, even 
young children. Many of the fishing birds, as the pelicans 
and herons, can likewise carry considerable loads of fish;' 
and even the smaller birds, as the records of spring show, 
are capable of transporting comparatively large twigs for 
building purposes. I myself have seen an owl, which weighed 
a little over 10 ounces, lift 2 J ounces, or a quarter of its own 
weight, without effort, after having fasted twenty-four hours ; 
and a Mend informs me that a short time ago a splendid 
oaprey was shot at Littlehamptou, on the coast of Sussex, 
with a fish fi lbs. weight in its mouth. 

There are many points in the history and economy of birds 
which crave our sympathy while they felicit our admiration. 
Their indubitable courage and miracidoua powers of flight 
invest them with a superior dignity, and secure for their 
order almost a duality of existence. The swallow, tiny and 
inconsiderable as it may appear, can traverse 1000 miles at a 
single journey ; and the albatross, despiBing compass and land- 
mark, trusts himself boldly for weeks together to the mercy 
or fury of the mighty ocean. The huge condor of the Andes 
lifts himself by his sovereign will to a height where no sound 
is heard, save the aiiy tread of his vast piniona, and, from an 
unseen point, surveys in sohtary grandeur the wide range of 
plain and pasture-land;^ while the bald eagle, nothing 
daunted by the din and indescribable confusion of the qucea 
\ of waterfidls, the stupendous Niagara, sits composedly on his 



' The herou is to the hnbit, when piirBiicil by the Moon, of diago 
E contsntB of hig crap In oilier to rednce liia prei^'lit. 

* The condor, ou some occuloag, attuinii an altltuile of sin miles. 
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giddy perch, until inclination or desire prompts him to plunge 
into or soar above the drenching mista which, shapeless and 
uhiquitoua, perpetually rise from the hissing waters of the 
nether caldron. 




Fio. lOS.— Hnivk and qiinnj.— Jj7er Tin Graphic. 
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Tub subject of artificial flight, notwithstanding the large 
share of attention bestowed upon it, baa been particularly 
barren of results. This is the more to be regretted, as the 
interest which haa been taken in it from early Greek and 
in times has been universal. The unsatisfactory state of 
the question ia to be traced to a rariety of causes, the moat 
prominent of which are — 

Ist, Tlie extreme difficulty of the problem. 

2ii, The incapacity or theoretic^ tendencies of those who 
have devoted themselves to its elucidation. 

, The great rapidity with which wings, especially insect 
wings, are made to vibrate, and the difficulty experienced in 
analysing their movements, 

itii. The great weight of all flying things when compared 
with a corresponding volume of air. 

51k, The discovery of the balloon, which has retarded the 
ecience of aerostation, by misleading men's minds and causing 
them to look for a solution of the problem by the aid of a 
machine lighter than the aii', and which has no analogue in 
nature. 

Flight has been unusually unfortunate in ita votaries. It 

s been cultivated, on the one hand, by profound tliinkera, 
OBpecialiy mathematicians, who have worked out innumer- 
able theorems, but have never submitted them to the test of 
experiment ; and on the other, by uneducated charlatans who, 
despising the abstractions of science, have made the most ridi- 
loua attempts at a practical solution of the problem. 

Flight, as the matter stands at present, may be divided 
into two principal varieties which represent two great sects 

schools— 
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Isl, The Balloonista, or those wbo advocate the employ- 
ment of a machine Bpecifically lighter than the air. 

2d, Those who believe tliat weight is necessary to fligbt. 
The second school may be subdivided into 

(a) Those wlio advocate the employment of I'igid inclined 
planes driven forward in a straight lino, or revolving 
planes (aerial screws) ; and 
(6} Sucli as trust for elevation and propulsion to the 
vertical flapping of wings. 

Balloon. — The balloon, as my readers are aware, is con- 
structed on the obvious principle that a machine lighter than 
the air must necessarily rise through it The Montgolfier 
brothers invented such a machine in 17fl2. Their balloon 
consisted of a paper globe or cyHnder, the motor power being 
super-heated air supplied by the burning of vine twigs under 
it. The Montgolfier or &re hallaon, as it was called, -was 
superseded hy the hydrogen gas balloon of MM, Charles 
and Robert, this being in turn supplanted by the ordinary gas 
baUooa of Mr, Green, Since the introduction of coal gaa in 
the place of hydrogen gas, no radical improvement has be«i 
effected, all attempts at guiding the balloon having aignaJly 
failed. This arises from the vaat extent of surface which it 
necessarily presents, rendering it a fair conquest to every 
breeze that blows ; and because tlie power wldch animates it 
is a mere lifting power which, in the absence of wind, must 
act in a vertical line. The balloon consequently rises through 
the air in opposition to the law of gravity, very much as a 
dead bird faUa in a downward direction in accordance with 
it. Having no hold upon the air, this cannot be employed as 
a fulcrum for regulating its movements, and hence the car- 
dinal difficulty of ballooning as an art. 

Finding that no marked improvement has been made in 
the balloon since its introduction iu 1782, the more advanced 
tbinfeera have within the last quarter of a century turned 
their attention in an opposite direction, and have come to 
regard flying creatures, all of which are much heavier than 
tlie air, as the true models for flying macliines. An old 
doctrine is more readily assailed than uprooted, and accord- 
ingly we find the followers of the new faith met by tlt^ 
assertion that insects and birds have large air cavib^ " 
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tlieir interior ; that those cavities contain heated air, and that 
this heated air in some myaterioiia manner contributes to, if 
it does not actually produce, flight. No argument could be 
more fallacious. Many admirable fliere, such as the bats, 
have no air-cells ; whUe many birds, the apteryx for example, 
and several animals never intended to fly, such as the orang- 
outang and a large number of fishes, are provided with them. 
It may therefore be reasonably concluded that flight is in no 
way connected with air-cells^ and the best proof that can be 
adduced is to be found in the fact that it can be performed 
to perfection in their absence. 

The Inclined Plane. — The modem school of flying is in 
some respects ctnite as irrational as the ballooning school. 

The favourite idea with most is the wedging forward of a 
rigid inclined plane upon the air by means of a " wa a krgo." 

The inclined plane may be made to advance in a horizontal 
line, or made io rotate in the form of a screw. Both plans 
have their adherents. The one recommends a large support- 
ing area extending on either side of the weight to be elevated; 
the surface of the supporting area malting a very slight angle 
with the horizon, and the whole being wedged forward by the 
action of vertical screw propellers. This was the plan sug- 
gested by Henson and Stiingfellow^. 

Mr. Henson designed his aerostat in 1843. "The chief 
feature of the invention was the very great expanse of its 
sustaining planes, which were lai^er in proportion to the 
weight it had to carry than those of many birds. The 
machine advanced with its frotU edge a little raised, the 
■ effect of which was to present its under surface to the air 
over which it passed, the resistance of which, acting upon it 
like a strong wind on the sails of a windmill, prevented the 
descent of the machine and its burden. The sustaining of 
the whole, therefore, depended upon the speed at lehich it 
iraxelUd through the air, and the angle at which its under 
sitr/aee imj»ng&{ on the air in its front. . . . The machine, 
fully prepared for flight, was started from the top of an 
inclined plane, in descending which it attained a velocity 
necessary to sustain it in its further progress. That velocity 
would be gradually destroyed by the resistance of the air to 
forward flight: it was, therefore, the ofiice of the steam- 
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eog^e and the vanea it actuated simply to repair the 1 
veiocity ; it was made therefore only of the power aiid w ^ 
necessary for that small effect " (fig. 109). The editor of New- 
ton's Joiirnal of Arta and Science speaks of it thus ; — " The 
apparatus consists of a car containing the goods, passengers, 
engines, fuel, etc., to which a rectangular frame, made of 
wood or baraboo cane, and covered with canvas or oiled silk, 
is attached. This frame extends on either side of the car in 
a similar manner to the outstretched wings of a bird ; but 
with this difference, that the frame is immovable. Behind 
the wings are two vertical fan wheels, furniahed with oblique 




vanes, which are intended to propel the apparatus througli 
the air. The rainhow-like circular wheels are the projiellera, 
answering to the wheels of a steam-boat, and acting upon the 
air after the manner of a windmill. These wheels receive 
motion from hands and pulleys from a steam or other engine 
contained in the car. To an axis at the stem of the car a 
triangular frame is attached, resembling the tail of a bird. 
which is also covered with canvas or oUed silk. This may 
be expanded or contracted at pleasure, and is moved up and 
down for the purpose of causing the machine to ascend or 
descend. Beneath the tail is a rudder for directing the 
course of the machine to the right or to the left ; and to 
facilitate the steering a sail is stretched between two masts 
which rise from the car. The amount of canvas or oiled wlk 
necessary for buoying up the machine is stated to be eqiial 
to one square foot for each half pound of weight" 
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WerJiam^ has advocated the employment of mpermposett . 
planes, with a view to augmenting the support fiimiahed 
while it diminishes the horizontal space occupied by the 
planes. These planes Wenham designates Aeroplanes. They 
are inclined at a very slight angle to the horizon, and are 
wedged forward either by the weight to be elevated or by the i 
employment of vertical screws. Wenham's plan was adopted I 
by Stringfellow in a model which he exhibited at the Aero- 
nautical Society's Exhibition, held at the Crystal Palace in 
the summer of 1868. 

The subjoined woodcut {fig. 110), taken from a photograph 




Fio. no.— Mr. SttlnglBllow'a Flying Maehlns. 

of Mr. Striugfel low's model, gives a very good idea of the 
arrangement; abc representing the Enperimposed planes, d J 
the tail, and if the vertical screw propellers. J 

The superimposed planes (rt 6 c) in this machine contained I 
a sustaining aiea of twenty-eiglit si^uare feet in addition tol 
the tail {il). I 

Its engine represented a third of a horse power, and the 1 
weight of the whole {engine, boiler, water, fuel, superimposed ■ 
planes, and propellers) was under 12 lbs. Its sustaining 
area, if that of the tail {d} be included, was something like 
thirty-six square feet, i.e. three square feet for every pound 
— ^tbe sustaining area of the gannet, it will be remembered ^ 
(p. 134), being less than one square foot of wing for eveiy j 
two pounds of body. 

' " Aerial Locotnotlon,'' hy F. fl. WenliBtn.— TFbrWq^Sriww, Junel! 



The model was forced by ita propellera along a wire at a 
great speed, but, eo far as I could determine from obuervti' 
tion, failed to lift itself cotwithstanding its extreme ligiitnese 
and the comparatively very great power employed.' 

The idea embodied by Heuson, Wenham, and Stringfellow 
is plainly that of a boy's kite sailing upon the wind. The 
kite, however, ia a more perfect flying apparatus tlian that 
furnished by Henson, Weiiham, and Strin^ellow, inasmuch 
as the inclined plane formed by its body strikes the air at 
various angles — the angles varying according to the length of 
string, strength of bre«ze, length and weight of tail, etc. 
Henson'a, Wenhani's, and StringfeUow's methods, although 
carefully tried, have hitherto failed. Tlie objections are 
numerous. In tbg first place, the supporting planes (aero- 
planes or otherwise) are not flexible and elastic as wings 
are, but ri^id. This is a point to which I wish particularly 
to direct attention. Second, They strike the air ai a ^vea 
angle. Here, again, there is a departure from nature. Third, 
A machine so constructed must be precipitated from a height 
or driven along the surface of the land or water at a high 
speed to supply it with initial velocity. Fourth, It ia un- 
fitted for flying with the wind unless its speed greatly exceeds 
that of the wind. Fifth, It is unfitted for flying across 
the wind because of the surface exposed. Sixth, The sus- 
taining surfaces are comparatively very large. They are, 
moreover, passive or dead surfaces, i.e. they have no jiower 
of moving or aocommodating themselves to altered circum- 
stances. Natural wings, on the contrary, present small flying 
surfaces, the great speed at which wings are propelled con- 
verting the space through which they are driven into what 
is practically a solid basis of support, as explained at pp. 118, 
119, 151, and 152 {vide figs. 64, 65, 66, 82, and 83, pp. 139 
and 158). This arrangement enables natural wings to seize 
and utilize the air, and renders them superior to adventitious 
currents. Natural wings work up the air in which they move, 
but unless the flying animal desires it, they are scarceiy, if at 
all, influenced by winds or currents which are not of their 
own forming. In this respect they entirely differ from the 
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balloon and all forms of fixed aeroplanes. In nature, small 
wings driven at a high speed produce the same result as large 
wings driven at a slow speed (compare fig. 58, p. 125, with 
fig: 57, p. 124). In flight a certain space must be covered 
either by large wings spread out as a solid (fig. 57, p. 124), or 
by small wings vibrating rapidly (figs. 64, 65, and 66, p. 139). 




Fro. 111.— Cayley's Flying Apparatus. 

The Aerial Screw, — Our countryman, Sir Gecrge Cayley, 
gave the first practical illustration of the efficacy of the screw 
as applied to the air in 1796. In that year he constructed a 
small machine, consisting of two screws made of quill featheis 
(fig. 111). Sir George writes as under : — 

"As it may, be an amusement to some of your readers to 
see a machine rise in the air by mechanical me^ns, I will con- 




,'uiBtmiiient 
expense o( 



"ajud^ffig. lll.p. 315) ve two corfc3.mto each ctf which 
ue iBMrted four wing festhfn from any lHrd,so aa to b« sU^tly 
incJinied like the eaila of a wiDdiiiill, trat in opposite directtons 
in each tei. A rcnrnd shaft is fixed in the cork a. which ends 
in a flharp point. At the opper part of the cork h is fixed a 
whalebone bow, haring a small pivot hole in its centre to 
receive the point of the shaft. The bow is theD to be strong 
eqaaUy on each side to the npper portion of the ^haft, &nd 
tlie Uttle machine is completed. Wind up the string by 
taming the flyers different ways, so that the spring of the 
bow may unwind them with their anterior edges ascendiog ; 
then place the cork with the bow attached to it upon a table, 
and with a finger on the upper cork press strong enough to 
prevent the string from unwinding, and, taking it away sud- 
denly, the instrument wilJ rise to the ceiling." 

Cayley's screws were peculiar, inasmuch as they were super- 
imposed and rotated in opposite directions. He estimated 
that if the area of the screws was increased to 200 square 
feet, and moved by a man, they would elevate him. Cayley's 
interesting experiment is described at length, and the ap- 
paratus figured in Nicholson's Journal for 1809, p. 172, In 
1842 Mr. Phillips also succeeded in elevating a mode! by 
means of revolving fans. Mr, PhUlips's model was naade 
entirely of metal, and when complete and charged weighed 
2 lbs, It consisted of a boiler or steam generator and four 
fans supported between eight arms. The fans were inclined 
to the horizon at an angle of 20", and through the arms the 
steam rushed on the principle discovered by Hero of Alexan- 
dria. By the escape of steam from the arms, the fans were 
mads to revolve with immense energy, so much so that the 
model rose to a great altitude, and flew across two fields 
before it alighted. The motive power employed in the pre- 
tu^nt instance was obtained from the combustion of charcoal, 
nitre, and gypsum, as used in the original fire annihilator ; 
the products of combustioi mixing with water in the boiler, 
and forming gas charged steam, which was delivered at a 
hi^h pressure ftum the extremities of the eight anus. Thla 
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model is remarkable as being probably the first which actuated 
by steam has fluwn to a considerable distance,' The French 
have espoused the aerial screw with great enthusiasm, and 
within the last ten years (1803) MM. Nadar,^ Pontin 




Fia, US. - FJyIng Machine designed aj M. du 14 LoDdelle. 

I d'Am^conrt, and de la Lan<lelle have constructed clockwork 

Imodels (firlkopterfs), which not only raise themselves into the 

■ir, but cany a certain amount of freight. Tliese models are 

' Report on the First Exhibition of the AtroniiHticiil Society of Great 
■ SrItaiD, held at the Crystal Palace, LDndoD, {□ Jone 1869, p. 10. 

' MoDB. Nadar, in a paper written In l&SS, cntera very fully into the enb- 
at of artificial flight, as perfoimeil by the a.iit of the screw. Liberal eitracta 
'e given from Nailar's paper in Aatra Castrs, by Captain Hatton TnnieT. 
jondon, 1865, p. 340. To Turner's h«ndscmie volume the reader is rcrerred 
V much curious nnil interesting iBlbrnintion on tlie subjoot of AL-iostation. 
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fXCBwlitiply friigil", nnd bccniwo of the |>rodigionfl force 
ruqiiii'i'il Ui priJiwI lliem iiamilly bruak nfU'r a fcw trial*. 
Fi)i. ll'i, p. 217, enilKidiQs M. do lu Lnudtilltt's idctin. 

In the hoUcopt«ric niodeU mado by MM. Nadar, Pontin 
d'Amtoiirt, and do la LandoUo, tho screws {vmopqrslftf 
fijjtirti) art) arrmigod in tiera, t.«. tlie onu tarovr is placid 
al>ovu thu uther. In this resiKJot lliuy riiiteiutile tha nAn- 
plauea recommpndwl by Mr. Wwiham, and t^'sted by Mr. 
Slringfellow (uoinpuro mnopqnt oifi^. 113, with abe nf 
f\g. HO, p. S13). The nu[)uriiniii.mi'<l soruwB, iia alrondy 
uxplainod, vere Hrst figured and dn^crilmd by Sir Qeoipt 
Cayley (p. 315). Tho IVenah acrewa, and thai employed by 
Mr. Phillips, art) Ti'ifid or ttni/klding, and sbriku tho air at a 
givm angle, aiid herein, I biiliuvo, uuriHi»tii thtjii* prinoipol 
defect. This arran^tement reaults in a ruiiioua expenditure nf 
power, and is aocoiupaniod by a great aiuomit of Blip. The 
aiirlal Bcrow, nnd tho inuuhinu tu bo olevutod by it, oiui bo sot 
in motion without aiiy pniliiiiiiiiiry run, and in thin rdviwut i( 
baa the advantage over thu niaohiue supported by niorv •uh- 
taining plauea. It haa, in fact, a certain amount of inherent 
motion, its screws revolving, and supplying it with aotivo or 
moving surfaces. It is uuourdingly more indcputulent than 
the machine designed by Hunson, Wcnham, and Stringfellow. 

I may observe with regard to the aynlem of rigid indincd 
planes wedgeil forward at a given angle in a straight line or 
in a circle, that it does not embody thu prinoiplu carried out 
iu naturu. 

The Mi'm^ of a flying creature, aa I have taken pains to 
allow, is mt n<}id; neither does it always strike tho air fli 
a given awjlt. On the contrary, it is cnpablo of moving iu 
ail its partB, and attacks the uir at an iiifiiiilr. tnrtrfy o/ 
miglet (pp. 101 to 101). Above all, the surface expoiwd by 
a natuiul wing, when oomparod witli the great weight 
it ia cupabli) of elevating, Is remarkably small (Sg. 89, 
p, 171), This is accounted for by tlie length and the gwst 
range of motion of natural wings; tho latter enabling iht 
wings to convert large tracts of air into mi|iiiorting aroaa (figs. 
G4, G5, and OR, p. 139), It \n h1*> .nvniini.cd for by the 
multiplicity of the movement.-! of natuiul wiii;;^, theae I'naliji 
the pinions to create and rise upon ciirronts of ' ~ 
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fonniiig, ami to avoid natural curreuta wlion not ailapted fur 
propelling or sustaming purposes (fig, 67, 68, 09, and 70, 
p. 141). 

If any oue watcbeB an insect, a bat, or a bird when dressing 
its wings, he will observe that it can incline the under sur- 
face of the wing at a great variety of angles to the horizon. 
Thia it does by causing the posterior or ihin margin of the 
wing to rotate around the anterior or thick margin as an 
axis. As a result of thia movement, the two margins are 
forced into double and opposite curves, and the wing con- 
verted into a plastic Iteh'x or seriie. He will further observe 
that the bat and bird, and some insects, liavo, in addition, the 
power of folding and drawing the wing towards the body 
during the up stroke, and of pushing it away from the body 
and extending it during the down stroke, so as alternately to 
diminish and increase its area; arrangements necessary to 
Mecreaae the amount of resiatance experienced by the wing 
iduring its ascent, and increase it during its descent. It is 
scarcely requisite to add, that in the aeroplanes and aerial 
screws, aa at present constructed, no provision whatever is 
made for suddenly increasing or diminishing the Sying sur- 
face, of conferring elasticity upon it, or of giving to it that 
infinite variety of angles which vould enable it to seize 
and disentangle itself from the air with the necessary 
rapidity. Many investigators are of opinion that flight is 
a moro question of levity and power, and that if a machine 
could only be made light enough and powerful enough, 
it must of necessity fly, whatever the nature of its fljnng 
surfaces. A grave fallacy lurks here. Birds are not more 
powerful than quadrupeds of equal size, and Stringfellow's 
machine, which, aa we have seen, only weighed 12 lbs., 
exerted one-third of a hm'se poictr. The probabilities there- 
fore are, that flight is dcijcudcnt to a great extent on the 
nature of the flying surfaces, and the mode of applying those 
surfaces lo the air. 

Arlifieial It'inf/i (Borelli's Views). — With regard to tlie 
production of fii^hi by the Jtapping of Kiwjs, much may and 
has been said. Of all the methods yet proposed, it is unques- 
tionably by far the most ancient Discrediting as apocryphal 
the famous atory of Uiedalus and his waxen wings, we cer- 
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tainly have a very graphic account of artificiiJ wings in die 
De Motu Aniraalium of Borelli, publiBhed as tar back u 
1C80, i.e. nearly two centuries ago.^ 

Indeed it will not be too much to affirm, that to this di» 
tinguished physiologiBt and mathematician belongs almost li 
the knowledge we poBsessed of artificial wings up till 186S. 
He was well acquainted with the properties of the wedge, h 
applied to flight, and he was likewise cognisant of the BaSak 
and elastic properties of the wing. To him is to be traced 
the purely mechanical theory of the wing's action. He fignnd 
a bird with artificial wings, each wing consisting of a rigid 
rod in front and fttxilU feathers behind. I have thought fit 
to reproduce Borelli'e figure both because of its great antiquity, 
and because it is eminently illustrative of Ms text.' 




The wings (Ji cf,oe a), are represented as striking verttcallf 
downwards {g h). They remarkably accord with those "te- 
scribed by Straus-Durckheim, Girard, and quite recently hj 
trofesaor Marey.' 

Borelli is of opinion that flight results from the appIiulioB 
of an inclined plane, which beats the air, and which b»i 
wedge action. He, in fact, endeavours to prove that a Kid 
wedges itself forward upon the air by the perpendicular vibn- 

' Bnralli, De Mntn Aninittliuin. Sm. 4to, 2 vols. Romse, 188a 

* De Mutu AnlmaliDm, Liigdual Batavorum spud Fetnim Vuider. Aim 
MDCLXXXV. Tab. XIII. figure 2. (New eiUtion.) 

* Kevue <les Cnun 3cicntitli[ues de la FruQce et d« rEtrmgnr. Mmn ISM. 
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'tioQ of its wdnga, tlie wings during their action forming a 

[wedge, the IjasB of which (c 6 «) is directed towards the head 

" the bird; the apex (u/) being directed towards the tail 

■ 'ea ia worked out in propositions 195 and 196 of the 

it part of Borelli's book. In proposition 195 he explains 
low, if a wedge be driven into a body, the wedge will tend 

separate that body into two portions ; but that if the two 

utions of the body be permitted to react upon tlie wedge, 
they will communicate oblique impulses to the aides of the 
wedge, and expel it, base first, in a straight line. 

Following up the analogy, Borelli endeavours to show in 
196th proposition, " that if the air acts obliquely upon 
,the wings, or the wings obliquely upon the air (which is, of 
course, a wedge action), the result will be a horizontal trans- 
ference of the body of the bird." In the proposition referred to 
(196) Borelli states — " If the expanded wings of a bird sus- 
pended in the air shall strike the undisturbed air beneath it 
with a motion perpendiculaT to the horizon, the bird wiU fly 
with a IrartsvBTse ^notion in a plane parallel with, the horizon." 
In other words, if the wings strike vertically downwards, the 
bird will fly horizontally forwards. He bases his argument 
upon the belief that the anterior margins of the wings are 
rigid and unyielding, whereas the posterior and after parts of 
the wings are wiotb or less fUxihle, and readily ^ve way under 
pressure. " If," he adds, " the wings of the bird be expanded, 
and the under surfaces of the win^ be Btmck by the air 
ascending pa'pendicularli/ to the Iwrieon, with such a force 
1U9 shall prevent the bird gliding downwards (i.e. with a 
tendency to glide downwards) from falling, it will be urged 
tn a Junizontal direelioji. This follows because the two 
osseous rods (vii^te) forming the anterior mai;gins of the 
iringa resist the upward pressure of the air, and so retain 
their original form (literally extent or exi>ansion), whereas 
tiie flexible after-parts of the wings (posterior margins) are 
pushed up and approximated to form a cone, the apex of 
■which (v^e af of fig. 1 13) is directed towards the tail of the 
bird. In virtue of the air playing upon and compressing the 
■ides of the wedge formed hy the wings, the wedge is driven 
forwards in the direction of its base (c b e), which is equiva- 



lent to Baying that the iringa carry the body of tlie bird to 
which they are attached in a horizontal direction." 

Borelli restates the same argument in different words, as 
follows : — 

" K," he says, " the air under the wings be struck by the 
flexible portions of the wings (Jldbella, literally fly-flaps or 
amall fansj) with a motion perpendicular to the horizon, the 
sails (vela) and flexible portions of the wings (flahella) will 
yield in an upward direction, and form a wedge, the point of 
which is directed towards the tail. Whether, therefore, the 
air strikes the wings from below, or the wings strike the air 
from above, the result is tbe same — the posterior or flexible 
margins of tbe wings yidd in an upward direction, and in 
so doing urge the bird in a horizontal di/rection." 

In his 197th proposition, Sorelli follows up and amplifies 
the arguments contained in propositions 195 and 196. "Thus," 
he observes, " it is evident that the object of flight is to 
impel birds upwards, and keep them suspended in the air, 
and also to enable them to wheel round in a plane parallel to 
the horizon. The first (or upward flight) could not be accom- 
plished unless the bird were impelled upwards by frequent 
leaps or vibrations of the wings, and its descent prevented 
And because the downward tendency of heavy bodies is per- 
pendicular to the horizon, the vibration of the plain surfaces 
of the wings must be made by striking the air beneath them 
in a direction perpendicular to the horizon, and in this mso- 
ner nature produces the suspension of birds in the air." 

" With regjird to the second or transverse motion of birds 
(ie. horizontal flight) some authors have strangely blundered; 
for they hold tliat it is like that of boats, which, being im- 
pelled by oara, moved horizontally in the direction of the 
stem, and pressing on the resisting water behind, leaps with 
a contrary motion, and so are carried forward. In the same 
manner, say they, the wings vibrate towards the tail with a 
horizontal motion, and likewise strike against the undisturbed 
air, by the resistance of which they are moved forward by a 
reflex motion. But this is contrary to the evidence of our 
eight as well as to reason ; for we see that the larger kinds 
of birds, such as swans, geese, etc., never vibrato their wings 
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when flying towards the tail with a horizontal motion like 
that of oars, but always bend theiu downwards, and so describe 
circles raised perpendicularly to thi: horizon.'- 

Besides, in boats the horizimtal motion of the oars ia easily 
made, and a perpendicular stroke on the water would be per- 
fectly useless, inasmuch as their descent would be impelled 
by the density of the water. But in birds, such a horizontal 
motion (which indeed would rather hinder flight) would be 
absurd, since it would cause the ponderous bird to faU head- 
long to the earth ; whereas it can only be suspended in the 
by constant vibration of the wings pej-pendiailar lo the 
horizon. Nature was thus forced to show her maryellous bIqU 
in producing a motion which, hy one and the same action, 
should suspend the bird in the air, and carry it forward in a 
horizontal direction. This is effected by striking the air 
below perpendicularly to the horizon, but with oblique 
atrokes^an action which is rendered possible only by the 
flexibility of the feathers, for the fans of the wings in the act 
of striking acquire the form of a wedge, by the forcing out of 
which the bird is necessarily moved forwards in a horizontal 
direction." 

The points which Borelli endeavours to establish are 
these : — 

First, That the action of the wing is a wedge action. 

Second, That the wing consists of two portions— a rigid 
anterior portion, and a non-riyid flexible portion. The rigid 
portion he represents in his artificiar bird (fig. 113, p. 320) as 
consisting of a rod (« r), the yielding portion of feathers (n d). 

Third, That if the air strikes the under surface of the 
wing perpendicularly in a direction from below upwards, the 
flexible portion of the wing will yield in an upward direction, 
and form a wedge with its neighbour. 

Fourth, Similarly and conversely, if the wing strikes the 

1 It is dear from the nliove tliat Borelli did not know thHt the wings of 
Wrda ArikefoneaTda as wall as ilownwai-ds during the down stroke, nncl for- 
Karda as, well as Jijiwanls diiriiig the up atrnke. Tliesa pointi, ns well as tlie 
twisting andiintwifting flgiire-of-B nction of the wing, wero first describert hy 
the author. Borelli aeema to havB bfen equally ignorant of the fact that the 
wlnga of inwcta vibrate in a more or less hoiizontal direction. 
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air {fcrpendicolariy from above, the poeterior and flexiUe 
portion of tbe wing will yield and be forced in an upward 
direction. 

Fifth, That this upward yielding of the posterior or flexible 
margin of the wing results in and necessitates a horisontal 
tram/erenee of the body of the bird. 

Sixth, That to sostain a bird in the air the wings most 
strike veriicaliy doienwards, as this is the direction in which a 
ht^avy body, if left to itself, would fall . 

Seventh, That to propel the bird in a horizontal direction, 
the wings must descend in a perpendicnlar direction, and the 
posterior or flexible portions of the wings yidd in an. upward 
dirtctioa, and in such a manner as virtually to communicate 
an oblique action to them. 

Eighth, That the feathers of the wing are bettt «k an 
apteard direclion when the wing defends, the upward bending 
of the elastic feathers contributing to the horizontal travel of 
the body of the bird. 

I have been careful to expound Borelli's views for several 
reasons : — 

lit. Because the purely mechanical theory of the wingi's 
notion is clearly to be traced to him. 

2i, Because his doctrines have remained unquestioned for 
nearly two centuries, and have been adopted by all the writers 
since his time, without, I regret to say in tlie majority of 
cases, any acknowledgment whatever. 

3d, Because hia views have been revived by the modem 
French school ; and 

4lk, Because, in commenting upon and differing from 
Borelli, I will neccfisarily eommcDt upon and differ from all 
hie successors. 

As to the Direction of the Stroke, fielding of the JFing, etc — 
The Duke of Argyll* agrees with Borelli in believing that tie 
wing invariably strikes perpendiadarly dc/wnwards. His words 
are — " Except for the purpose of arresting their flight birds 
can never strike except directly downwards; that is, against 
the opposing force of gravity." Professor Owen in his Com- 
parative Anatomy, Mr. Maegillivray in hia British Birds, Mr. 
Bishop in bis article " Motion " in the Cyclopedia of Anatomy 
' "Eeign of Law "-^ood Words, IBM, 
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and Physiology, and M. Liais " On tte Flight of Birds and 
Insects " in the Annals of Natural Hietory, all assert that the 
stroke ia delivered downwards and more or leas baclcviards. 

To obtain au uptcaTd recoil, one would naturally suppose all 
that is required is a downward stroke, and to obtain an upward 
and forward recoil, one would naturally conclude a downward 
and backward stroke alone ia requisite. Such, however, is not 
the case. 

In the first place, a natural wing, or a properly constructed 
artificial one, cannot be depressed either vertiealiy downwards, 
or downwards and backwanh. It will of necessity descend 
downwards and foneards in a carve. This arises from its 
being flexible and elastic throughout, and in especial from its 
being carefully graduated as regards thickness, the tip being 
thinner and more elastic than the root, and the posterior 
margin than the anterior margin. 

In the second place, there ia only one direction in which 
the wing could stnke so at once to iMpport and carry the bird 
JoTward. The bird, when flying, is a body in motion. It bas 
therefore acquired momentum. If a grouse is shot on the 
wing it dees not fall vertically dowmwwrds, as Eorelli and his 
successors assume, but down-wards and forwards. The Sat 
surfaces of the wings are conseqiieotly made to strike down- 
wards and forwards, as they in this manner act as kit«8 to 
the falling body, which they bear, or tend to bear, upwards 
and forwards. 

So much for the direction of the stroke during the descent 
of the wing. 

Let us now consider to what extent the posterior margin 
of the wing yields in an upward direction when the wing 
descends. Eorelli does not state the exact amount. The 
Duke of Argyll, who believes with Borelli that the posterior 
margin of the wing Is elevated during the down stroke, avera 
that, " whereas the air compressed in the hollow of the wing 
cannot pass through the wing owing to the closing upwards of 
the feathers against each other, or escape forwards because of 
the rigidity of the bones and of the quiDs in this direction, it 
passes backwards, and in so doing lifts by its force the dastie 
ends of the feathers. In passing backwards it communicates 



to the whole line of both wingp a corresponding push fbrwarda 
to the body of the bird. The same volume of air is tbuB 
made, in accordance with the law of action and reaction, te 
saslain the biitl and cany it forward."^ Mr. MaegilUviay 
observes that " to progress in a horizontal direction it ia necw- 
sary that the downward stroke should be modified by the eh- 
valion in a certain degree of the free extremilies of the quills." ' 

Mare^s Viejcs. — Professor Marey states that daring &e 
ditwn stroke the posterior or flexible margin of the wing yields 
in o:» upinard direction to such an extent as to cause the under 
surface of the wing to look backwards, and malce a backward 
angle with the horizon of 45° plus or minus according lo 
circumstances.* That the posterior mai^n of the wing yields 
in a shgiitly upward direction during the down stroke, I 
admit. By doing so it prevents shock, confers continuity of 
motion, and contributes in some measure to the elevation of 
the wing. The amount of yielding, however, is in all cases 
very slight, and the little upward movement there is, is in 
part the result of the posterior margin of the wing rotating 
around the anterior margin as an axis. That the posterior 
margin of the wing never yields in an upwwrd direction until 
the under surface of the pinion makes a backward angle 
of 45° with the horizon, as Marey remarks, is a matter of 
absolute certainty. This statement admits of direct proof 
If any one watches the horizontal or upward flight of a large 
bird, he will observe that the posterior or flexible margin of 
the wing never rises during the down stroke to a perceptible 
extent, so that the under surface of fits King on no occasion 
looks backwards, as stated by Marey, On the contrary, he 
will find that the under surface of the wing (during the down 
stroke) invariably looks forwards — the posterior margin of 
the wing being inclined doumwards and backwanls ; as shown 
at figs, 82 and 83, p, 158; fig. 103, p. 186; fig. 85 {abe), 
p. ICO; and fig. 88 {cdefg),-p. 160, 

The under suriaca of the wing, as will be seen from this 

' "Beign o( Law"— Good Wonia, Frlmmrj- 1865, p. 128. 

• History of Britiah Birds, Lond. 1B37, r. *3- 

■ "Mkhanlsnie dii vol cbes les iasectfa. Coninient ae fnit In propalsion ," 
liy PrnfeBBor E. J, Marey. Revue ilea Cours Sclentiflijues lie In France a' ' 
I'SboDger, for 20th Haccli ISSS, p, 2S4, 
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account, not only always looks forwards, but it forms a true 
kite with the horizon, the angles made by the kite varying at 
every part of the down stroke, as shown more particularly at 
d,e,/,g; j,k,t,m of fig. 88, p. 166. I am therefore opposed 
to Borelli, Macgillivray, Owen, Biehop, M. Liaie, the Duke of 
Argyll, and Marey aa to the direction and nature of the down 
stroke. I differ also aa to the ditectlon and nature of the up 
Btroke. 

Professor Marey states that not only does the posterior 
margin of the wing yield in an upward dwedton during 
tlie dovrn stroke until the under surface of the pinion makes 
a backward angle of 45° with the horizon, but that during 
the up stroke it yields to the same extent in an opposite direc- 
tion. The posterior flexible margin of the wing, according 
to Marey, passes through a space of 90° every time the wing 
reverses its course, this space being dedicated to the mere 
adjusting of the planes of tlie wing for the purposes of 
flight. The planes, moreover, he asserts, are adjusted not by 
vital and vito-mechanical acta but by the action of the air 
aione; this operating on the under surface of the wing and 
forcing its posterior margin upwards during flie down stroke ; 
the air duiing the up stroke acting upon the posterior majgin 
of the upper surface of the wing, and forcing it dowmcanis. 
This is a mere repetition of Borelli's view. Marey dele- 
gates to the air the difficult and delicate task of arranging 
the details of flight. The time, power, and space occupied 
in reversing the wing alone, according to this theory, are such 
ae to render flight impossible. That the wing does not act 
as stated by Borelli, Marey, and others may be readily proved 
by experiment. It may also be demonstrated mathematically, 
aa a reference to figs. 114 and H6, p. 228, will show. 

Let lift of fig. 114 represent the horizon; mw the line of 
vibration; xc the wing inclined at an upward backward 
angle of 45° in the act of making the down stroke, and xd 
the wing inclined at a downward backward angle of 45° and 
in the act of making the up stroke. When the wing xc 
descends it will tend to dive downwards in the direction/ 
giving very little of any horizontal support (a h) ; when the 
wing B d ascends it will endeavour to rise in the direction g, as 
it darts up like a kite (the body bearing it being in motion). 
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If we take the resultant of these two forces, we have at most 
propulsion in the direction a b. This, moreover, would only 
hold true if the bird was as light as air. As, however, gravity 
tends to pull the bird downwards as it advances, the real 
flight of the bird, according to this theory, would fall in 
a line between b and /, probably in x h. It could not possibly 
be otherwise ; the wing described and figured by Borelli and 
Marey is in one piece, and made to vibrate vertically on either 
side of a given line. If, however, a wing in one piece is 
elevated and depressed in a strictly perpendicular direction, 
it is evident that the wing will experience a greater resist- 
ance during tJie up stroke, when it is acting against graviip, 
than during the down stroke, when it is acting vdth gravity. 




a 




a 



As a consequence, the bird will be more vigorously depressed 
during the ascent of the wing than it will be elevated during 
its descent. Tliat the mechanical wing referred to by BorelU 
and Marey is not a flymg wing^ but a mere propelling ap- 
paratus, seems evident to the- latter, for he states that the 
winged machine designed by him has unquestionably noi 
'iiiofm' power enough to support its own weight} 

The manner in which the natural wing (and the artificial 
wing properly constructed and propelled) evades the resistance 
of the air during the up stroke, and gives continuous support 
and propulsion, is very remarkable. Fig. 115 illustrates the 
true principle. Let a b repre?<?nt the horizon; mn the direc- 
tion of vibration; xs the wing ready to make the down 
stroke, and x t the wing ready to make the up stroke. When 
the wing xs descends, the posterior margin (5) is screwed 

1 Revue des Cours Scientifiques de la France et de TEtranger. 8vo, March 
20, 1869. 
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dotmwards and fonciirds in the direction s, I ; the forward angle 
■which it makes with the horizon increasing as the wing 
descends {compare with fig. 85 (abc), p. 160, and fig. 83 
(edaf), p. 166). The air is thus seized by a great variety 
of inclined surfaces, aod as the under surface of the wing, 
which is a true kite, looks upwards and fm-wards, it tends to 
carry the body of the bird upwards and forwards in the direc- 
tion xw. When the wing xt makes the up stroke, it rotates 
in the direction ts to prepare for the second down stroke. 
It does not, however, ascend in the direction (s. On the 
contrary, it darts up hke a true kite, which it is, in the direc- 
tion XV, in virtue of the reaction Of the air, and because the 
body of the bird, to which it is attached, has a forward 
motion communicated to it by the wing during the down 
Stroke (compare with ghiof fig. 88, p. 1 6C). The resultant 
of the forces acting in the directions x v and x h, is one acting in 
the direction xw, and if allowance be made for the operation 
of gravity, the flight of the bird will correspond to a hne 
somewhere between w and 6, probably the line x r. This 
xesult is produced by the wing acting as an eccentric — by 
the upper concave surface of the pinion being always directed 
upwards, the under concave surface downwards — by the 
under surface, which is a true kite, darting forward in wave 
curves both during the down and up strokes, and never 
making a backward angle with the horizon (fig. 88, p. 166); 
xnd lastly, by the wing employing the air under it as a ful- 
etma during the down stroke, the air, on its own part, react- 
ing on the under surface of the pinion, and when the proper 
time arrives, contributing to the elevation of the wing. 

If, as Borelli and his successors believe, the posteiior 
margin of the wing yielded to a marked extent in an upward 
direcUm during the dotim stroke, and more especially if it 
yielded to such an extent as to cause the nnder surface of the 
ving to make a backward angle icith the horum of 45°, one of 
two things would inevitably follow — either the air on which 
the wing depends for support and propulsion would be per- 
mitted to escape before it was utilized ; or the wing would 
dart rapidly downward, and carry the body of the bird with 
it If the posterior margin of the wing yielded in an upward 
direction to the extent described by Marey during the down 
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Btroke, it would be tantamount to removing the fulcrum (tJie 
air) on which the lever I'ormed by the wiug operates. 

If a bird flies in a horizontal direction the angles made bj 
the under surface of the wing witli the horizon are vert/ slight, 
but they alvia^ look forwards (fig. 6l), p. 126). If a bird 
flies upwards the angles in question are increased (fig. 59, p. 
126), In no instance, however, unless wlien the bird is 
everted and flying downwards, is the posterior margin of tile 
wing on a higher level than the anterior one (fig. 106, p. 
203). This holds true of natural flight, and consequently 
also of artificial flight. 

These remarks are more especially applicable to the flight 
of the bat and bird where the wing is made to vibrate more 
or less perpendicularly (fig. 17, p. 36; figs. 82 and 83, p. 
158. Compare with fig. 85, p. 160, and fig. 88, p. 166). H 
a bird or a bat wishes to fly upwards, its flying surfaces 
must always be inclined upwards. It is the same with the 
fish. A fish can only swim upwards if its body is directed 
upwards. In the insect, as has been explained, the wing 
is made to vibrate in a more or less horizontal direction. 
In this case the wing has not to contend directly against 
gravity (a wing which flaps vertically must). As a cooae- 
quence it is made to tack upon the air obliquely zigzag fashion 
as horse and carriage would ascend a steep hill {vide figs. 67 
to 70, p. 141. Compare with figs. 71 and 72, p. 144). In 
this arrangement gravity is overcome by the wing reverwog its 
planes and acting na a kite which flies alternately forwards and 
backwards. The Idtes formed by the wings of the bat and bird 
alwaysfly forward (fig. 88, p. 166). In the insect, as in the hat 
and bird, the posterior margin of the wing never rises above the 
horizon so as to make an upward and backward angle with it, as 
stated by Borelli, Marey, and others {ex a of fig. 1 1 4, p. 228). 

While Borelli and his successors are correct as to the wedge- 
action of the wing, they have given an erroneous interpretation 
of the manner in which the wMge is produced. Thus Borelli 
states that when the wings descend their posterior margins 
ascend, the two wings forming a cone whose base is repre- 
sented by che of fig. 113, p. 220); its apex being repre- 
sented by af ai the same figure. Tlie base of Borelli' 
it will be observed, is inclined forwards in the dirt 
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the head of the bird. Now this is jiist the opposite of what 
ought to he. Instead of the two wings forming one cone, 
the base of which is directed fm'wards, each wing of itself 
formn two cones, the bases of which are directed bachvards 
and outwards, as shown at fig. 116. 




In thia figure the action of the wing is compared to tlic 
•culling of an oar, to which it bears a considerable rpsem- 
Hauce.' The one cone, viz., that with its base directed out- 
Wards, is represented At xbd. This cone corresponds to the 
wea mapped out by the tip of the wing in the process of elevat- 
ing. The second cone, viz., that with its base directed back- 
yarda, is represeuted at qp n. This cone corresponds to the area 
mapped out by the posterior margin of the wing in the process 
of p-opdliiig. The two conea are produced in virtue of the 
wing rotating on its root and along its anterior margin as it 
aacenda and descends (fig. 80, p. 149 ; fig. 83, p. 158). The 
present figure (116) sliows the double twisting action of the 
wing, the tip describing the figure-of-8 indicated at bsfffhd 
ijkl; the posterior margin describing the figure-of-8 indi- 
cated at p r n. It is in this manner the cross pulsation or wave 
jeferred to at p. 148 is produced. To represent the action of 
the wing tlie sculling oar (ab,xs,cd) must have a small scull 
(m n, q r, op) working at right angles to it. Thia followa because 

J la Bculliiig Btrirtly speaking, it is the iLpjier surface of the o«r which ii 
Inost effectiVH ; whereas in flying 11 iii tlip iKi'lar. 




the wing has to elevate as well as propel ; the oar of a boat 
when employed as a soull only propelling. In order to elevate 
more effectually, the oars formed by the wings are made to 
oscillate on a level with and under the volant animal rather 
than above it; the posterior mai^ina of the wings being mode 
to oscillate on a level with and below the anterior margins 
(pp. 130, 151). 

Borelli, and all who have written since his time, are 
unanimous in affirming that the horizontal transference of the 
body of the bird is due to the perpendicular vibration of the 
wings, and to the yielding of the posterior or flexible margins 
of the winga in an upward direction as the wings descend. 
I am, however, as already stated, disposed to attribute 
the transference, \sl, to the fact that the wings, both when 
elevated and depressed, l^ap forteards in cuives, thoae curves 
uniting to form a continuoua waved track; 2d, to the 
tendency which the body of the bird has to swing for- 
wards, in a more or less horizontal direction, when onco eet 
in motion ; 3d, to the construction of the wings {they are 
elastic helices or screws, which twist and untwist when they 
are made to vibrate, and tend to bear upwards and onwards 
any weight suspended from them) ; 4ih, to the reaction of 
the air on the under Burfa.ces of the wings, wliich always a^t 
as kites ; 5lh, to the ever-varying power with wliidi the 
wings are urged, this being greatest at the beginning of 
the down stroke, and least at the end of the up one ; dtk, 
to the contraction of the voluntary muscles and elastic liga- 
ments; llh, to the effect produced by the various inclined 
Burfaoes formed by the wings during their oscillations ; 8tb, 
to the weight of the bird— weight itself, when acting upon 
inclined planes (wings), becoming a propelling power, and so 
contributing to horizontal motion. This is proved by the 
fact that if a sea bird launches itself from a cliff with ex- 
panded motionless wings, it sails along for an incredible 
distance before it reaches the water (fig, 103, p. 186). 

The authors who have adopted Borelh's plan of artificial 
wing, and who have indorsed hia mechanical views of the 
action of the wing most fully, are Chabrier, Straus-Durckheim, 
Girard, and Marey. Borelli'a artificial wing, as already ex- 
' (p. 220, fig. 113), consists of a rigid rod ' ' "" 
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front., and a flexible sail (ft, o) composed of feathers, behind. It 
acta upon the air, and tiie air acts upon it, aa occasioa demands. 

Chabriei's Vkas. — Chabrier states that the wing has only 
one [>eriod of activity — that, in fact, if the wing be suddenly 
lowered by the depressor musctea, it is elevated solely by the 
reaction of the air. There is one unanswerable objection to 
this theory — the bats and birds, and some, if not all the 
insects, have distinct elevator muscles. The presence of well- 
developed elevator muscles implies an elevating function, and, 
besides, we know that the insect, bat, and bird can elevate 
their wings when they are uot flying, and when, consequently, 
no reaction of the air is induced. 

Straus-Durcklidm's Views. — Durckheira believes the insect 
abstracts from the air by means of tlie inclined plane a com- 
ponent force (composant) which it employs to svfport and 
dired itself. In his Theology of Nature he describes a sche- 
matic wing as follows : — It consistB of a rigid ribbing in front, 
aoA a flexible sail behind. A membrane so constructed will, 
according to him, be fit for flight. It will suffice if such a 
Bail elevates and lowers itself successively. It will, of its own 
accord, dispose itself aa an inclined plane, and receiving 
obliquely the reaction of the air, it transfers info tradile force a 
part of the vertical impulsion it has receival. These two parts 
of the wing are, moreover, equally indispensable to each other. 
If we compare the schematic wing of Durckheim with that of 
Borelli they will be found to be identical, both as regards 
their constraction and the manner of their application. 

Professor Marey, so late as 1861), repeats the arguments 
and views of Borelli and Durckheim, with very trifling altera- 
tions. Marey describes two artificial wiiags, the one composed 
of a rigid rod and snii^the rod representing (he stiff antetior 
margin of the wing ; the sail, which ia made of paper bordered 
■with card-board, tlie flexible posterim- portion. The other 
wing consists of a ligiil neitwe in iront and behind of thin 
parchment which supports jlne rorfa 0/ sfeei. He states, that 
if the wing only elevates and depresses itself, " the resistamx 
of the air ia sufficient to produce all the other movements. 
In effect the wing of an insect has not the power of equal 
resistance in every part. On the anterior margin the extended 
nervures make it rigu-l, wjiile behind it is line and flexible. 



During the vigorous depression of the wing the nen'ure has 
the power of remaining rigid, whereas the fiexihle paiiion, 
being pushed in an upward direction on account of tlie resist- 
ance it experiences from the air, assumes an obUipie position, 
which causes the upper surface of the wing to look forwaiiU." 
. . . "At first the plane of the wing is parallel with the body 
of the animal. It lowers itself — the front part of the wing 
strongly resists, the sail which follows it bemg fiexihle yieldi. 
Carried by the ribbing (the anterior margin of the wing) which 
lowers itself, the sail or posterior margin of the wing being 
raised meanwhile by the air, which sets It straight again, 
the sail will take an intermediate position, and hicUne Hsdj 
about 45° plus or minus according to circumstances. The 
wing continues its movements of depression inclined to the hori- 
zon, but the impulse of the air which continues its effect, and 
naturally acts upon the surface which it strikes, has the power 
of resolving itself into two forces, a vertical and a horizontal 
fm'ce, the first suffices to raise the animal, the second to move 
it along." ^ The reverse of this, Marey states, takes place during 
the elevation of the wing — the resistance of the air from above 
causing the upper surface of the wing to look lackwards. The 
fallaciousness of this reasoning has been already 'pointed 
1 Compare M&rcy'a description with tbnt of Sorelli, a tntnaUtioii of wbich 
I subjoin. " Let a bird be aoBjiended in tliB air with its wings eipandBd, 
and first let the nndor surfacoa (of tbe wings) ba struck by the air ascending 
peipBiidicubirly to tba horizon witb such a force that the bird gliding down 
Is prevented from falling : 1 sa; that it (the bird) wili be impelled with a 
horitonlal foneard jnolUm, bacansa the two oaaeous rode of the winga in 
able, owing to tba atreagth of tbe muaclea, and bacauae of tbeir bardoess, to 
retiat the force of Che air, and therefore to retain the same form (litenilly ex- 
tent, expansion), bnt the total breadth of the fan of each wing j/idiix to l)u 
imtniln qftke air when the flexitile feathers are permitted to rotate aniimd 
the maKobria or ossaoiis axes, and henoe it it necessary that the extremitisa 
of tha wings approximate each other ; wherefore the wings acquire the tbnn 
of a wedge whose point is directed towards the tail of the bird, bnt whose 
sarfaceg are compreased on either side by the ascending lur in each a manner 
Ibat it ia driTSn out in the direction of ita base. Since, however, the wedge 
formed by the wini!:s cannot move forward nnleaa it carry the body of the Inrd 
along with it, it is evident that it (the wedge) gives place to the air impelling 
it, and therefore the XAti fiUt firruiarcl in a horizontal direclwa. Botnowlel 
the substratum of stlil afr be struck by tbe fans (featbera) of (he wings with 
a motion perpendiaular to the horizon. Since the Dms ftnd tails ol 
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out, and need not be again referred to. It is not a little 
curious that Borelli's artificial wing should have been 
reproduced in its integrity at a distance of nearly two 
centuries. 

The AvikOT's Views: — his Method of amstrucHng and applying 
Artificial Wings as amlra-distingwish^d frotn that of BordK, 
Ckabrier, Dunkheim, Ma/rty, etc — The artificial winga which I 
have been in the habit of making for Beveral years differ from 
those recommended hy Borelli, Durckheim, and Marey in 
four essential points ; — 

1st, The mode of construction. 

2d, The manner in which they are applied to the air. 

3rf, The nature of the power employed. 

4(A, The necessity for adapting certain elastic substances 
to tiie root of the wing if in one piece, and to the root and 
-the body of the wing if in several pieces. 

And, first, as to the manner of construction. 

Borelli, Dnrckheim, and Marey maintain that the avtc^-wr 
margin of the wing should be rigid; I, on the other hand, 
Ijelieve that no part of the wing whatever should be rigid, 
^ven the anltrior margin, and that the pinion should be 
flexible and elastic throughout. 

That the anterior margin of the wing should not be com- 
posed of a rigid rod may, I think, be demonstrated in a 
variety of ways. If a rigid rod be made to vibrate by the 
"hand the vibration is not smooth and continuous ; on the 
contrary, it is irregular and jerky, and characterized by two 
halts or pauses (dead points), the one occurring at the end of 
-the «p stroke, the other at the end of the dmcn stroke. This 
'tnechanical impediment is followed by serious coasequences 
as far as power and speed are concerned — the slowing of the 
wing at the end of the down and up strokes involving a 
, acquire the form o( a weilge, the point of wMch la turned trnvnrda the tiiil (of 
~ie bird), and aiacse they suffer the utmc force and rampreBsian from the NJr, 
trliethor the vibrating winKS strike the nndietuvbed nir beneath, or whether, 
in tlie other hand, the expanded winga (the osseous axes remaining rigid) 
«celve the percnesion at tlie aacendtng air ;. in cither case VaeJleAUe fcatliera 
lirld to tlie iiiipiilae, and lience approximatu each otiier, and thua the bird 
uovofl In afaraartd dinctioa."-~D<i Motu Animalium, para prima, prop. 188, 
•1886, 
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great expenditure of power and a diaastrous waste of time. 
The wiug, to be effective as an elevating and propelling 
organ, should have no dead points, and should be character- 
ized by a rapid winnowing or fanning motion. It should 
reverse and reciprocate with the utmost steadiness and 
smoothneaa — in fact, the motions should appear as continuous 
as those of a fly-wheel in rapid motion : they are so in the 
insect (figa. 64, 65, and 06, p. 139). 

To obviate the difficulty in question, it is necessary, in my 
opinion, to employ a tapering elasik rod or series of To^i 
bound together for the anterior margin of the wing. 

If a longitudinal section of bamboo cane, ten feet in length, 
and one inch in breadth (Eg. 117), be taken by the ex- 
tremity and made to vibrate, it will be found tiiat a wavy 
serpentine motion is produced, the waves being greatest 
when the vibration is slowest (fig. 118), and least when it 
is most rapid (fig. 119). It will further be found that at 
the extremity of the cane where the impulse is communi- 
cated there is a steady reciprocating fiwvemni devoid of dead 
poiitls. The continuous movement in question is no doubt 
due to the fact that the diflerent portions of the cane 
reverse at different periods — the undulations induced being 
to an interrupted or vibratory movement very much what 
the continuous play of a fly-wheel is to a rotatory motion. 

Tke /Fane Wing of tlte Aidluir.—li a similar cane lias added 
to it, tapering rods of whalebone, which radiate in an out- 
ward direction to the extent of a foot or so, and the whale- 
bones be covered by a thin sheet of india-rubber, an artificial 
wing, resembling the natural one in all its essential points, 
is at once produced (fig. 120). I propose to designate this 
wing, from the peculiarities of its movements, i/w urnce 
wing (fig. 121). If the wing referred to (fig. 121) be made 
to vibrate at its root, a series of longitudinal (crfc) and 
transverse (Jgh) waves are at once produced; the one aeries 
running in the direction of tJie length of the icing, the other in 
the direction of its breadth (vide p. H8). This wing further 
twists and untwists, figure-of-S fashion, during the up and down 
strokes, as shown at fig. 132, p, 239 (compare with figs. 8S 
, and 83, p. 158; fig. 86, p. 161; and fig. 103, p. 186). 
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There is, moreover, a continuous play of the wing; the 
down stroke gliding into the up one, and vice versd, which 



Fro. 
117. 
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Fig. 117.— Represents a longitudinal section of bamboo cane ten feet long, and 
one inch wiao.— Original. 

Fro. 118. — ^The appearance presented by the same cane when made to vibrate 
by the hand. The cane vibrates on either side of a given line (x x), and ap- 
pears as if it were in two places at the same time, viz., c and/, g and d, e 
and h. It is thus during its vibration thrown into flgures-of-8 or opposite 
curves.— Origrina^ 

Flo. 119.— The same cane when made to vibrate more rapidly. In this case 
the waves made by the canu are less in size, but more numerous. The cane 
is seen alternately on either side of the line xx, being now at i now at m, 
now at n now atj, now at k now at o, now at p now at I. The cane, when 
made to vibrate, has no dead points, a circumstance due to the fact that 
no two parts of it reverse or change their cun'es at precisely ihe same 
instant This curious reciprocating motion enables the wing to seiae and 
disengage itself from the air with astonishing rapidity.— Original. 

Fio. 120.— The same cane with a flexible elastic curtain or fringe added to it. 
The curtain consists of tapering whalebone rods covered with a thin layer 
of india-rubber, a b anterior margin of wing, c d posterior ditto.— Original. 

Fio. 121. — Gives the appearance presented by the artificial wing (fig. 120) 
when made to vibrate by the hand. It is thrown into longitudinal and 
transverse waves. The longitudinal waves are represented by the arrows 
ede, and the transverse waves by the arroy/Hfgh. A wing constructed on this 
principle gives a continuous elevating and propelling power. It developes 
ngure-of-S curves during its action in longitudinal, transverse, and oblique 
directions. It literally floats upon the air. It has no dead points— is 
vibrated with amazingly little power, and has apparently no slip. It can 
fly in an upward, downward, or horizontal direction by merely altering its 
angle of inclination to the horizon. It is applied to the air by an irregular 
motion— the movement being most sudden and vigorous always at the be- 
ginning of the down stroke.— Or i^iuaZ. 



clearly shows tbat the down and up strokes are parts i 
whole, and that neither is perfect without the other. 

The wave wing ia endowed with the veiy remarkable pro- ' 
perty that it will fly in any direction, demonstrating more or 
lesa clearly that flight is essentially a progressive movement, 
i.e. a horizontal rather than a vertical movement. Thns, if 
the anterior or thick maj-gin of the wing be directed up- 
wards, Ko that the under surface of the wing makes a forvmrd 
angle with the horizon of 45°, the wing will, when made to 
vibrate by the hand, fly with an undulating motion in a% 
upward direction, like a pigeon to its dovecot. If the under 
surface of the wing makes no angle, or a very imaW fimeafi 
angle, with the horizon, it will dart forward in a series of 
curves iii a Jumscontal diredion, like a crow in rapid horizontal 
flight. If the anterior orthick margin of the wing be directed 
downwards, so that the under surface of the wing niaJces A 
backward angle of iS" with the horizon, the wing will de- 
scribe a waved track, and Jli/ downwards, as a sparrow from 
a house-top or from a tree (p. 230}. In all those move- 
ments progression is a necessity. The movements &r8 
continuous gliding fmicard movements. There is no halt or 
pause between the strokes, and if the angle which the under 
surface of the wing makes with the horizon he properly 
regulated, the amount of steady tractile and buoying power 
developed is truly astonishing. This form of wing, which 
may be regarded as the realization of the figure-of-8 theoiy 
of flight, elevates and propels both during the down and up 
strokes, and its worldng is accompanied with almost no slip, 
It seems literally to float upon the air. No wing that is 
rigid in the anterior margin can twist and untwist during its 
action, and produce the figure-of-8 curves generated by the 
living wing. To produce the curves in question, the wing 
must be flexible, elastic, and capable of change of form in all 
its parts. The curves made by the artificial wing, as has 
been stated, are largest wien the vibration is slow, and least 
when it is quick. In like manner, the air is thrown into 
large waves by the slow movement of a laigo wing, and into 
small waves by the rapid movement of a smaller wing. The 
size of the witi() cui'ves and air waves bear a fixed relation to 
each other, and both are dependent on the rapidity 1 
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which the wing is made to vibrate. This is proved by the 
fact that insects, in order to fly, require, as a rule, to drive 
their small wings with immense velocity. It is further 
proved by the fact that the small humming-bird, in order to 
keep itself stationary before a flower, requires to oscillate its 
tiny wings with great rapidity, whereas the large humming- 
bird (Patagona gigas), as was pointed out by Darwin, can 
attain the same object by flapping its large wings with a very 
slow and powerful movement. In the larger birds the move- 
ments are slowed in proportion to the size, and more 
especially in proportion to the length of the wing ; the cranes 
and vultures moving the wings very leisurely, and the large 
oceanic birds dispensing in a great measure with the flapping 
of the wings, and trusting for progression and support to the 
wings in the expanded position. 




Pio. 122. 

Pjq. 122. — Elastic spiral wing, which twists and untwists during its action, to 
form a mobile helix or screw. This wing is made to vibrate by steam by a 
direct piston action, and by a slight adjustment can be propeUed vertically, 
horizontally, or at any degree of obliquity. 

a, ft, Anterior margin of wing, to which the neursB or ribs are affixed, c, d, Pos- 
terior margin of wing crossing anterior one. «, Ball-and-socket joint at root of 
wing : the wing being attached to the side of the cylinder by the socket. /, 
Cylinder, r, r, Piston, with cross heads (u% w) and piston head (s). o, o, 
Stuffing boxes, e, /, Driving chains, m, Superior elastic band, which assi.ste in 
elevating the wing, n. Inferior clastic band, which antagonizes m. The alter- 
nate stretching of the superior and inferior elastic bands contributes to the 
continuous play of the wing, by preventing dead points at the end of the down 
and up strokes. The wing is free to move in a vertical and horizontal direc- 
tion and at any degree of obliquity.— OrigtTia/. 

This leads me to conclude that very large wings* may be 
driven with a comparatively slow motion, a matter of great 
importance in artificial flight secured by the flapping of 
wings. 



How to amstract an artifidal JFave Wing im llie Insect 
type. — The following appear to me to be essential features in 
the construction of an artificial wing ; — 

The wing should be of a generally triangular shape. 

It shonld taper from the root towards the tip, and &om 
the anterior margin in the direction of the posterior margin. 

It should be convex above and concave below, and slightly 
twisted npon itself. 

It should be flexible and elastic throughout, and should 
twist and untwist during its vibration, to produce figure-of-8 
curves along its margins and throughout its substance. 

Such a wing is represented at fig. 1S2, p. 239. 

If the wing is in more than one piece, joints and springs 
require to be added to the body of the pinion. 

In making a wing in one piece on the model of the insect 
wing, such as that shown at fig. 122 (p. 239), I employ one or 
more tapering elastic reeds, which arch from above downwards 
(a 6) for the anterior margin. To this I add tapering elastic 
reeds, which radiate towards the tip of the wing, and which 
also arch from above downwards (ff, h, i). These latter are bo 
arranged that they confer a ceriain amount of spiralUy upon 
the wing ; the anterior (a ft) and posterior (cd) margins being 
arranged In dilTerent planes, so that they appear to cross each 
other. I then add the covering of the wing, which may con- 
sist of india-rubber, silk, tracing cloth, linen, or any simikr 
substance. 

If the wing is large, I employ steel tubes, bent to the 
proper shape. In some cases I secure additional strength by 
adding to the oblique ribs or stays (ffhi of fig. 122) a aeries 
of veiy oblique stays, and another series of cross stays, as 
shown at m and a,n,o,p,q of fig. 123, p. 241. 

This form of wing is made to oscillate upon two centres 
viz. the root and anterior niar^n, to bring out the peculiar 
eccentric action of the pinion. 

If I wish to produce a very delicate light wing, I do bo by 
selecting a fine tapering elastic reed, aa represented at a ft of 
fig. 124. 

To this I add successive layers {i, ^,^,/,p) of some flexible 
material, such as parchment, buckram, tracing olotli, or even 
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paper. As the layers overlap each other, it follows that there 
are five layers at the anterior margin {a b), and only one at 
the posterior (col). This form of wing is not twisted upon 
itself stmctiirally, but it twists and untwists, and becomes a 
true screw during its action. 
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Sow to C(mdrucl a, Worn JViw} which shall evade the super- 
:imposed Air during Ike Up Sirokt. — To construct a wing which 
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ehall elude the air during the up stroke, it is necesBary to 
make it valvular, as shown at fig. 125. p. 341, 

This wing, as the figure indicates, is composed of numerofis 
narrow segments (fff), so arranged that the air, when the 
wing is made to vibrate, opens or separates lliem at the 
beginning of the up stroke, and closes or brings them together 
at the beginning of the down stroke. 

The time and power required for opening and closing the 
segments is comparatively trifling, owing to their extreme 
narrowness and extreme lightness. The space, moreover, 
through which they pass in porforming their valvular action 
is exceedingly sraalL The wing under observation is flexible 
and elastic throughout, and resembles in its general features 
the other wings described. 

I have also constructed a wing which is self-acting in 
another seuse. This consists of two parts — the one part 
being made of an elastic reed, which tapers towards the ex- 
tremity; the other of a flexible sail. To the reed, which 
corresponds to the anterior margin of the wing, delicate 
tapering reeds are fixed at right angles ; the principal and 
subordinate reeds being arranged on the same plane. The 
flexible sail is attached to the under surface of the principal 
read, and is atiffer at its insertion than towards its free mar- 
gin. When the wing is made to ascend, the sail, because of 
the presstire exercised upon its upper surface by the wr. 
assumw* a very oblique position, so that the resistance ex- 
perienced by it during tlie up sirokt is very slight. When, 
however, the wing descends, the sail instantly flaps in an 
upward direction, the subordinate reeds never permitting its 
posterior or free margin to rise above its anterior or flxed 
:nargin. The under surface of the wing consequently descends 
in such a manner as to present a nearly flat surface to the earth. 
It experiences much resistance from the air during the dOKH 
stroke, the amount of buoyancy thus furnished being vctj 
considerable. The above form of wing is more effective 
during the down stroke than during the up one. It, however, 
elevates and propels during both, the forward travel being 
greatest during the down stroke. 

Compound Wave Wing of the Avilior. — In order to tes^ _ 
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tlie movements of the wing as siin[jle aa possible, I was 
induced to devise a form of pinion, which for the sake of dis- 
tinction I shall designate the Comfiyujid fVaw Wing. This 
wing consists of two wave wings united at the roots, aa 
tepreaented at fig. 126. It is impeUed by steam; its centre 




being fixed to the head of the piston by a compound joint 
(«}, which enables it to move in a circle, and to rotate along its 
interior margin (a 6 c d; A, A') in the direction of its length. 
The circular motion is for steering purposes only. The wing 
rises and falls with every stroke of the piston, and the move- 
i of the piston are quickened during the down stroke, 
■and slowed during the up one. 

During the up stroke of the piston the wi.ig is very 
decidedly convex on its upper sui'face (abed; A,A'),\U 
Under surface being deeply concave and inclined obliquely 
upwards and forwards. It thus evades the air during the up 
stroke. During the down stroke of the piston the wing is 
flattened out in every direction, and its extremities twisted 
in such a manner as to form two screws, aa shown at a' b' c' d'; 
tffs^h,'; B,}^ of figure. Tlie active area of the wing is by 
this means augmented, the wing seizing the air with great 
avidity during the down stroke. The area of the wing may 
be still further increased and diminished during the down 
and up strokes by adding joints to the body of the wing. 
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The degree of convexity given to the upper surface of the 
wing can be increased or diminiehed at pleasure hj causing a 
cord (ij; A, A') and elastic band (k) to extend between two 
points, which may vary according to circamatancea. The 
wing Ja supplied with vertical springs, which assist in slowing 
and reversing it towards the end of the down and up strokes, 
and these, in conjunction with the elastic properties of the 
wing itself, contribute powerfully to its continued play. The 
compound wave wing produces the currents on which it 
rises. Thus during the up stroke it draws after it a current, 
which being met by the wing during its descent, confers 
additional elevating and propelling power. During the down 
stroke the wing in like ma.nner draws after it a current which 
forms an eddy, and on this eddy the wing rises, as explained 
at p. 253, fig. 129. The ascent of the wing is favoured by 
the superimposed air playing on the upper surface of the 
posterior margin of the oigan, in such a manner as to cause 
the wing to assume a more and more oblique position with 
reference to the horizon. This change in the plane of the 
wing enables its upper surface to avoid the superincumbent 
air during the up stroke, while it confers upon its under sur- 
face a combined kite and parachute action. The compound 
wave wing leaps forward in a curve both during the down 
and up strokes, bo that the wing during its vibration describes 
a waved track, as shown at a, c, e,g, i of fig. 81, p. 157. The 
compound wave wing posBesses most of the peculiaritieis of 
single wings when made to vibrate separately- It forms a 
most admirable elevator and propeller, and has this advan- 
tage over ordinary wings, that it can be worked without 
injury to itself, when the machine which it is intended to 
elevate is resting on the ground. Two or more compound 
wave wings may be arranged on the same plane, or super- 
imposed, and made to act in concert. They may also by a 
slight modification be made to act horizonta,lly instead of 
vertically. The length of the stroke of the compound wave 
wing is determined in part, though not entirely by the stroke 
of the piston — the extremities of the wing, because of their 
elasticity, moving through a greater space than the centre of 
the wing. By fixing the wing to the head of the piston all 






gearing apparatus is avoided, and the number of joints and 
working points reduced— a matter of no small importance 
when it is desirable to conserve the motor power and keep 
down the weight. 

How to apply Artificial Wings to the Air. — ^Borelli, 
Durckheim, Marey, and all the writers with whom I am 
acquainted, assert that the wing should be made to vibrate 
vcrtiailhj. I believe that if the wing ba in one piece it 
should be made to vibrate obliquely and vm'e or less horizort- 
tally. If, however, the wing be made to vibrate vertically, 
it is necessary to Bupply it with a ball-and-socket joint, and 
with springs at its root {ni n of fig. 125, p. 241), to enable it 
to leap forward in a curve when it descends, and in another 
and opposite mrwe when it ascends {pide a, c,e,g,% of fig. 8 1, 
p. 157). This arrangement practically converts the vertical 
vibration into an oblique one. If this plan be not adopted, 
the wing is apt to foul at its tip. In applying the wing to 
the air it ought to have a figure-of-8 movement communicated 
to it either directly or indirectly. It is a peculiarity of the 
Artificial wing properly constructed (as it is of the natural 
wing), (hat it twists and untwists and makes Ji^re-of-S ciiTves 
daring ila action {see ab, cd of fig. 123, p. 239), this enabling 
it to seize and let go the air with wonderful rapidity, and 
in such a manner as to avoid dead points. If the wing be 
in several pieces, it may be made to vibrate more vertically 
than a wing in one piece, from the fact that the outer half 
of the pinion moves forwards and backwards when the wing 
ascends and descends bo as alternately to become a short and 
a long lever ; this arrangement permitting the wing to avoid 
the resistance experienced from the air during the up stroke, 
while it vigorously seizes the air during the down stroke. 

If the body of a flying animal be in a horizontal position, 
a wing attached to it in such a manner that its under surface 
shall look forwards, and make an upward angle of 45° with 
the horizon is in a positioa to be applied either vertically 
(figs. 82 and 33, p. 158), or horizontally (figa. 67, 68, 69,and 
70, p. 141). Such, moreover, ia the conformation of the 
ahoulder- joint in insects, bats, and birds, that the wing can 
be applied vertically, horizontally, or at any degree of obliquity 



vithont mcoiiTenience.* It is in this way that an iiisect 
which may begin ita flight by causing its wings to make 
figure-of-8 horizontal loops (fig. 71, p. 144), may gradu- 
ally change the direction of the loops, and make them more 
and more oblique until they are nearly vertical (fig. 73, p. 
144). In the beginning of such flight the insect is screwed 
nearlp verikaily upwards; in the middle of it, it is screwed 
upwards and fomwrda; whereas, towards the end of it, the 
insect advances in a wa-vtd line almost horizontally (see 
^,r',s',i of fig. 72, p. 144). The mnscles of the wing are 
BO arranged that they can propel it in a horizontal, vertical, 
or oblique direction. It is a matter of the utmost importance 
that the direction of the stroke and the nature of the angles 
made by the surface of the wing during its vibration with 
the horizon be distinctly understood; aa it is on these that 
all flying creatures depend when they seek to elude the up- 
ward resistance of the air, and secure a maximum of elevating 
and propeUing power with a minimum of slip, 

As to the nature of the Forces rsgjiired /«■ pmpeUing Arli- 
jiew.1 Wings. — -Borelli, Dmckheim, and Marey affirm that it 
BufBces if the wing merely elevaies and depresses itself by 
a rhythmical movement in a perpendicular direction ; while 
Chahrier is of opinion that a movement of depression only is 
required. All those observers agree in believing that the 
details of flight are due to the reaction of the air on the sur- 
face of the wing. Repeated experiment has, however, con- 
vinced me that the artificial wing must be thoroughly under 
control, both during the down and np strokes — the details of 
flight being in a great measure due to the movements com- 
municated to the wing by an intelligent agent. In order 
to reproduce flight by the aid of artificial wings, I find it 
necessary to employ a power which varies in intensity at 
every stage of the down and np strokes. The power whioli 

' Tbe hnman wrist is bo formed that if a ning be betd in tlie liand at «a 
npward angle of 46", the hand can Bpjjiyit to the nirin a vertical or horiiontnl 
direction wlthont rtifflcnlty. Tliis drisea from the power wliich the liand hni 
of moving in nn iipwnrd nnd downward direction, and from side to side with 
•qnnl fnoility. Tlia hand can also rotate on its long axis, » tJlot it virtluUljr 
tepreaents all tlic mavenients of the v-ing nt Its root. 
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Buits best 13 one wliich is mjule to act very suddenly aud 
forcibly at the beginning of the down stroke, and which gradu- 
ally abates iu intensity until the end of the down stroke, where 
it ceases to act in a downward direction. The power is then 
made to act in an upward direction, and gradually to decrease 
until the end of the up stroke. The force is thus applied 
mora or less continuously; its energy being iucreased and 
diminished according to the position of the wing, and the 
amount of resistance which it experiences from the air. The 
flexible and elastic nature of tiie wave wing, assisted by 
certiuQ springs to be presently explained, insure a oontinuouB 
vibration where neither halts nor dead points are observ- 
able. I obtain the varying power required by a direct piston 
action, and by working the steam expansively. The power 
employed ia materially assisted, particularly during the up 
stroke, by the reaction of the air and the elastic struc- 
tures about to bo described. An artiiicial wing, propelled 
and regulated by the forces recommended, is in some 
respecla as completely under control as the wing of the 
insect, bat, or bird! 

Neceisity for sallying the Root of Artificial Wings with 
Elastic Strtutai'es in imilalitm of the Muscles and Elaslic Liga- 
ments of Flying Animals. — BoreUi, Durckheim, and Marey, 
who advocate the perpendicular vibration of the wing, make 
BO allowance, so far as I am aware, for the wing leaping 
forwaTd in curses during tlie down and up strolces. Aa a con- 
sequence, the wing is jointed in their models to the frame 
by a simple joint which moves only in one direction, viz., 
irom above downwards, and vice versA. Observation and 
experiment have fully satisfied me that an artificial wing, 
to be effective as an elevator and propeller, ought to be 
able to move not only in an upward and downward direc- 
tion, but also in a fo^-ward, haekward, and oblique direction; 
nay, more, that it should be free to rotate along its anterior 
margin in tlie direclioji of its length ; in fact, that its 
ments should be universal. Thus it should be able to rise or 
fall, to advance or retire, to move at any degree of obliquity, 
and to rotate along its anterior margin. To secure the 
several movements referred to I furiiiah the root of the win; 
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with a ball-and-socket joint, t.c, a uniTersal joint (aee x of 
fig. 122, p. 239), To regiOate tbe several movetneDts when 
the wing i% vibrating, and to confer on the wing the various 
inclined surfaces requisite for flight, as well as to delegate 
as little as possible to the air, I employ a cross system of 
elastic bands. These bands vary in length, strength, and 
direction, and are attached to the anterior margin of the wing 
(near its root), and to the cylinder {or a rod extending 
from the cylinder) of the model (iride m, » of fig. 123, p. 
239). Theprincijjal bands are four in number — a superior, 
inferior, anterior, and posterior. The superior baud (m) 
extends between the upper part of the cyUnder of the 
model, and the upper surface of the anterior margin of the 
wing ; the inferior band (m) extending between the under part 
of the cylinder or the boiler and the inferior surface of the 
anterior margin of the pinion. The anterior and posterior 
bands are attached to the anterior and posterior portions of 
the wing and to rods extending from the centre of the 
anterior and posterior portions of the cylinder. Oblique 
bands are added, and these are so arranged that they give to 
the wing during its descent and ascent the precise angles 
made by the wing with tlie horizon in natural flight The 
superior bands are stronger than the inferior ones, and am 
put upon the stretch during the down stroke. Thus they 
help the wing over the dead point at the end of the down 
stroke, and assist, in conjunction with the reaction obtained 
from the air, in elevating it Tbe posterior bands are 
stronger than tbe anterior ones to restrain within certain 
limits the great tendency which the wing has to leap forward 
in curves towards the end of tlie down and up strokes. The 
oblique bands, aided by the air, give the necessary degree of 
rotation to the wing in tbe direction of its length. This 
effect can, however, also be produced independently by the 
four principal bands. From what has been stated it wiL be 
evident that the elastic bands exercise a restraining influence, 
and that they act in unison with the driving power and with 
the reaction supplied by the air. They powerfully contribute 
to the continuous vibration of the wing, the vibration being 
peculiar in this that it varies in rapidity at every stage of tbe 
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I and up strukes. I derive the motor power, as has been 
stated, from a direct piston action, the piston being urged either 
by steam worked expansively or by tbe hand, if it is merely a 
question of illustration. In the baud models the " mmculwr 
■fense" at once informs the operator as to what is being done. 
Thus if one of the wave wings supplied with a ball-and-aocket 
joint, and a cross system of elastic bands as explained, has a 
fudden vertical impulse communicated to it at the beginning of 
the down stroke, the wing darts downwards atid forwards m 
a curve {aide a c, of fig. 81, p. 157), and in doing so it elevates 
and carries the piston and cylinder forwards. The force 
employed in depressing the wing is partly expended in 
atretehing the superior elastic hand, the wing being slowed 
towards the end of the down stroke. The instant the depress- 
ing force ceases to act, the superior elastic band contracts and 
the air reacts ; the two together, coupled with tbe tendency 
which the model has to fall downwards and forwards during 
the up stroke, elevating the wing. Tbe wing when it ascends 
describes an upward and fm'Kard aiive as shown at c 6 of 

^1, p. 157. The ascent of the wing stretches the inferior 
elastic band in the same way that the descent of the wing 
Btretched the superior band. Tbe superior and inferior 
elastic bands antagonize eath other and reciprocate with 
vivacity. While those changes are occurring the wing is 
heiiting and untwklkig in the direction of its length and 
developing figure-ot-8 curves along its margins (p. 239, fig. 
122, aft, erf), and throughout its substance similar to what 
are observed under like circumstances in the natural wing 
<tfitfefig. 8G, p, 161; %. 103, p. 186). The angles, moreover, 
made by the under surface of tbe wing with the horizon 
during the down and up strokes are contiimally varying — the 
wing ail the while acting as a kite, which flies steadily 

mrds and forwards (fig. 88, p. 166), As the elastic 
tands, as has been partly explained, are antagonistic in their 
action, the wing is constantly oscillating in some direction; 
there being no dead point either at the end of tbe down or 
Up strokes. As a consequence, the curves made by the wing 
during the down and up strokes respectively, run into each 
pther to form a continuous waved track, as represented at fi^ 
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81, p. 157, aiid fig. 88, p. 166. A continuous mow 
begets a continuous buoyancy ; and it ia quite remarkable to 
what an extent, wings constructed and applied to the air 
on the principles explained, elevate and propel — ^how little 
power is required, and how little of that power is wasted in 

If the piston, which in the experiment described has been 
working vtrtkally, be made to work IwrizoTitally, a series of 
eaaentially similar results are obtained. When the piston 
is worked horizontally, the anterior and posterior elastic 
bands require to be of nearly the same strength, whereas 
the inferior elastic bond requires to be much stronger 
than the superior one, to counteract the very decided ten- 
dency the wing has to ily upwards. The power also requires 




to be B mewhat d ff enfcly appU d. Thus the wing must 
ha a i nt rapul mmunicated to t when it begins the 
St k f m ght t left and al o wh n t begins the stroke 
f m 1 ft t ht (tl / J po- t f th spiral line repre- 
sented at fig. 7 1 , p. 1 44, indicate the points where the impulse 
ia communicated). The wing is then left to itself, the elastic 
bands and the reaction of the air doing the remainder of the 
work. When the wing ia forced by the piston from right 6 
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left, it darts forward in double curve, as shown at fig. 127 ; 
the various inclined aurfaces made by the wing with the 
borizon changing at every stage of the strolie. 

At the beginniug of the stroke from right to left, the angle 
made by the under surface of the wing with the horizon {x a;') 
is something like 45° (^), whereas at the middle of the stroke it 
is reduced to 20° or 25° (g). At the end of the stroke the angle 
-gradually increaues to 45° (ft), then to 90° (e), alter which the 
■wing suddenly turns a somersault (rf), and reverses precisely as 
the natural wing does at e,/,(? of figa, 67 and 69, p. 141. The 
artificial wing reverses with amazing facility, and in the most 
natural manner posBible. The angles made by its under 
'Burface with the horizon depend chiefly upon the speed with 
■which the wing is urged at different stages of the stroke ; the 
.Wigle always decreasing as the speed increases, and vice veTsd. 
Ajs a consequence, the angle is greatest when the speed is least. 

When the wing reaches the point b its speed is much less 
than it was at q. The wing is, in fact, preparing to reverse. 
At c the wing is in the act of reversing (compare c of figs. 84 
and 85, p. 160), and, as a consequence, its speed is at a 
minimum, and the angle which it makes with the horizon at 
a raaximuTO. At d the wing is reversed, its speed being 
increased, and the angle which it makes with the horizon 
diminished. Between the letters d and « the wing darts 
suddenly up like a kite, and at u it is in a position to com- 
mence the stroke from left to right, as indicated at u of fig. 
128, p. 250. The course described and the angles made by 
the wing with the horizon during the stroke from left to 
right are represented at fig. 128 (compare with figs. 68 and 
70, p. 141). The stroke from left to right is in every respect 
the converse of the stroke from right to left, so that a separata 
description is unnecessary. 

TIte AriifUial Wavt Wing can he driven nl any speed — 
it can muke its own cun-ents, or utilize exieiing ones. — The 
remarkable feature in the artificial wave wing is its adapta- 
bility. It can he driven slowly, or with astonishing rapidity. 
It hiis no dead points. It reverses instantly, and in such a 
manner as to dissipate neither time nor power, It alternately 
seizes and evades the air so as to extract tlie maximum 
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of support with the minimum of slip, and the minimum 
of force. It Huppliea a degree of buoying and propelling 
power which is truly remarkable. Its baoying area is 
nearly equal to half a circle. Jt can act upon etill ^, 
and it can create and utilize its own currents. I proved this 
in the following manner. I caused the ving to make a 
horizontal sweep from right to left over a candle ; the wing 
rose steadily as a kite would, and after a brief interval, the 
flame of the candle was persistently blown from right to left. 
I then waited until the fl.ime of the candle assumed its 
normal perpendicular position, after which I caused the wing 
to make another and opposite sweep from left to right. The 
wing again roae kite fashion, and the flame waa a second time 
affected, being blown in this case from left to right. I now 
caused the wing to vibrate steadily and rapidly above the 
candle, with this curious result, that the flame did not inchue 
alternately from right to left and from left to right. On the 
contrary, it waa blown steadily away from me, i.e. in the 
direction of the tip of the wing, thus showing that the arti- 
ficial currents made by the wing, met and neutralized each 
other always at mid stroke. I also fomid that under these 
circumstances the buoying power of the wing was remarkably 
increased. 

Compound TOtatvm of the Artificial Wave Wing ; Ike differml 
parti oj Da Win^ travtl at different speeds. — ^The artificial 
wave wing, like the natural wing, revolves upon two centres 
(ab, cd of fig. 80, p. H9; fig. 83, p. 158, and fig. 123. 
p. 239), and owes much of its elevating and propelling, 
seizing, and disentangling power to its different portions 
travelling at different rates of speed (see fig. 56, p. 120), and 
to ita storing up and giving off energy as it hastens to and 
fro. Thus the tip of the wing moves through a very mudi 
greater space in a given time than the root, and so also of the 
posterior margin as compared with the anterior. This ia 
readily understood by bearing in mind that the root of the 
wing forms the centre or axis of rotation for the tip, while 
the anterior margin is the centre or axis of rotation for the 
posterior margin. The momentum, moreover, acquired by 
the wing during the stroke from right to left is ea^endti-ii 
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reversing the mng, and in preparing it for the stroke from 
left to right, and vice versd ; a continuous to-and-fro move- 
ment devoid of dead points being thus established. If the 
artificial wave wing be taken in the hand and suddenly de- 
pressed in a more or less vertical direction, it immediately 
springs up again, and carries the hand with it. It, in fact, 
describes a curve whose convexity is directed downwards, and 
in doing so, carries the hand upwards and forwards. If a 
second down stroke be. added, a second curve is formed ; the 
curves running into each other, and producing a progressive 
waved track similar to what is represen ted at a, c, e, g, i, of 
fig- 81, p. 157. This result is favoured if the operator runs 
forward so as not to impede or limit the action of the wing. 

How the Wave Wing creates cuirents, and rises upon them, 
and hoiv the Air assists in elevating the Wing. — In order to 
ascertain in what way the ' air contributes to the elevation 
of the wing, I made a series of experiments with natural 




Fig. 129. 



and artificial wings. These experiments led me to conclude 
that when the wing descends, as in the bat and bird, it 
compresses and pushes before it, in a downward and forward 



direction, t, column of air reprcBented by a,h,c of fig. 129, p. 
253.^ The air rushes in from aU sides to replace the dis- 
plac«d air, as fihown at d,e,f,gji,i, and bo produces a circle 
of motion indicated by the dotted line s,t,v,W, The wiiig 
rises upon the outside of the circle referred to, as more par- 
ticularly seen at d,e,v,w. The arrows, it will be observed, 
are all pointing upwards, and as these arrows indicate the 
direction of the reflex or back current, it is not difScult 
to comprehend how the air comes indireetly to assist in 
elevating the wing. A similar current is produced to the 
right of the figure, as indicated by I, m, o, p, q, r, but seeing 
the wing is always advancing, this need not be taken into 
account. ) 

If fig. 129 be made to assume a horizontal position, in- 
stead of the oblique position which it at present occupies, 
the manner in which aw artijicial aiirmi is produced bj I 
one sweep of the wing from right to left, and utilized by it 
in a subsequent sweep from left to right, will be readily 
understood. The artificial wave wing makes a horizontal 
sweep from right to left, i.e. it passes from the point a to the 
point c of fig. 129. During its passage it has displaced a | 
column of air. To fill the void bo created, the air rushes in | 
from all aides, viz. from d,e,f,g,h,i; l,m,o,p,q,r. The 
currents marked g,li,i; p,q,r, represent the reflex or ttrtt- 
Jicial cuirmts. These are the currents which, after a brief 
interval, force the fiame of the candle from right to left. It 
ie those same currents which the wing encounters, and which 
contribute so powerfully to its elevation, when it sweeps from 
left to right. The wing, when it rushes from left to r^ht, 
produces a new series of artificial currents, which are equally 
powerful in elevating the wing when it passes a second time 
from right to left, and tlms the process of making and 
utilizing currents goes on so long as the wing is made to 
oscillato. In waving the artificial wing to and fro, I fonnd 

• The artiflcinl ciirrezits procJucwl 1iy the wing durinB its descent iniiy h» 
rencUly Man liy pnrtUllj' HUing a clinnilier with steam, Binoke, or snniB impal- 
jinlile wliita powdor, and cnnaing the ning to ilencund In its RtuUt Bj » 
little iiroctice, tlie eya vill not fnil to ileteci Hie currant* reproKQteil ftt 
^,',f, ?i ^. *. 'i"*! ".P. S, <■ of fig- 12B, p. 2B3. 
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the best results were obtained wlien the range of the wing 
and the speed with which it was urged were eo regulated as 
to produce a perfect reciprocation. Thus, if the range of the 
wing be great, the speed should also be high, otherwise the 
air set in motion by the riglit stroke will not be utilized by 
the left stroke, and vice vetsd. If, on the other hand, the 
range of the wing be small, the speed should also be low, as 
the short stroke will enable the wing to reciprocate as per- 
fectly as when the stroke is longer and the speed quicker. 
When the speed attained is high, the angles made by the 
nnder surface of the wing mth the Lorizon are diminished ; 
■when it is low, the angles are increased. From these re- 
marks it will be evident that the artificial wave wing reci- 
procates in the same way that the natural wing reciprocates ; 
the reciprocation being most perfect when the wing is 
vibrating in a given spot, and least perfect when it la travel- 
ling at a high horizontal speed. 

The Artificial Wing propelled at various degrees of speed 
daring Ike Down and Up Strokes. — The tendency which the 
artificial wave wing has to rise again when suddenly and 
vigorously depressed, explains why the elevator muscles of 
the wing should be so small when compared with the depressor 
muscles— the latter being something like seven times larger 
than the former. That the contraction of the elevator 
muscles is necessary to the elevation of the wing, is abun- 
dantly proved by their presence, and that there should be so 
great a difference between the volume of the elevator and 
depressor muscles is not to be wondered at, when we remem- 
ber that the whole weight of the body is to be elevated by 
the rapid descent of the wings — the descent of the wing 
being entirely due to the vigorous contraction of the powerful 
pectoral muscles. If, however, the wing was elevated with 
as great a force as it was depressed, no advantage would be 
gained, as the wing, during its ascent (it acts against 
gravity) would experience a much greater resistance from 
the air than it did during its descent. The wing is con- 
sequently elevated -nore slowly than it is depressed; the 
elevator muscles exercising a controlling and restraining 
influence. By slowing the wing during the up stroke 



the air has an opportunity of reacting on its under sur- 
face. 

Tlui Aiiificial U^avt Wing as a Propdhr. — The wave 
wing makea an admirable propeller if its tip be directed 
vtrliaiibj downwards, and the wing lashed from eide to side 
with a HcuUing figure-oV-S motion, similar to that execnted by 
the tail of the fiah. Three wave wings may be made to att 
in concert, and with a vety good result ; two of them being 
made to vibrate figurensf-S fashion in a more or less horizontal 
direction with a view to elevating ; the third being turned in 
a downward direction, and made to act ^'ertically for the 
purpose of propelling, 
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A Ntv> Form of Aerial Sa-ew. — If two of the wave wings 
represented at fig. 122, p. 239, be placed end to end, and 
united to a vertical portion of tube to form a two-bladed 
screw, similar to that employed in navigation, a most powerful 
elastic aerial screw is at once produced, as seen at fig. 130. 
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^F Tliis screw, which for the sake of cDifonnity I denominate 
'Vie atrial wave scnw, posaesaes advantages tor aerial pur- 
poses to which no form of rigid screw yet devised can lay 
cioim. The way in which it clings to the air during its 
Involution, and the degree of buoying power it possesses, are 
quite astunishiiig. It is a self-adjusting, self-regulating screw, 
and as its component parts are flexible and elastic, it accom- 
modates itself to the speed at which it is driven, and gives 
a uniform buoyancy. The slip, I may add, is nominal in 
amount. This screw ia exceedingly light, and owes its etiieacy 
to its shape and the graduated nature of its blades; the 
anterior margin of each blade beuig comparatively rigid, 
the posterior margin being comparatively flexible and 
more or less elastic. The blades are kites in the same 
sense that natural wings are kites. They are flown as such 
M'hen the screw revolves, I find that the aerial wave screw 
flies best and elevates most when its blades are inclined at a 
certain upward angle as indicated in the figure (1 30). The 
aerial wave screw may have the number of its blades in- 
creased by placing the one above the other; and two or more 
screws may be combined and made to revolve in opposite 
directions so as to make them reciprocate; the one screw pro- 
dncing the current on which the other rises, as happens in 
natund wings. 

Tht Ainal Wave Screw operates also upon Water. — The 
form of screw just described is adapted in a marked manner 
for water, if the blades be reduced in size and composed of 
some elastic substance, which will resist the action of fluids, 
as gutta-percha, careiiilly tampered finely graduated steel plates, 
etc. It bears the same relation to, and produces the same 
results upon, water, as the tail and fin of the fish. It throws 
its blades during its action into double figure-of-8 curves, 
similar in all respects to those produced on the anterior and 
posterior margins of the natural and artificial flying wing. As 
the speed attained by the several portions of each blade varies, 
GO the angle at which each part of tbe blade strikes varies ; 
the angles being always greatest towards the root of the blade 
and least towards the tip. The angles made by the d' ~ 
[wrtiona of the blades are diminished in proportion 
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speed, with which the screw is driven, is increased.! 
screw in this manner is eelf-adjustiog, and extracts a . 
percentage of propelling power, with very little force and 
snipriaingly little slip. 

A similar result is obtained if two finely graduated angular- 
shaped gutta-percha or steel plates be placed end to end and 
applied to the water (vertically or horizontally matters little), 
with a slight sculling figure-of-S motion, analogous to that 
performed by the tail of the fish, porpoise, or whale. If the 
thick margin of the plates be directed forwards, and the 
thin ones backwards, an unusually effective propeller ia pro- 
duced. Thiaformof propeller is likewise very effective a 
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Feom the researches and experiments detailed in t1i4^ 

sent volume, it will be evident that a remarkable analogy 
exists between walking, swimming, and flying. It will 
further appear that the movements of the tail of the (iah, and 
of the wing of the insect, hat, and bird can ha readily imi- 
tated and reproduced. Tliese facts ought to inspire the 
pioneer in aerial navigation with confidence, Tlie land and 
water have already been euceessfully subjugated. The realms 
of the air alone are unvaaquisbed. These, however, are so 
vast and so important as a highway for the nations, that 
science and civilisation equally demand their occupation. 
The history of artificial progression indorses the belief that 
the fields etherean will one day be traversed by a machine 
designed by human ingenuity, and constructed by human 
skill. In order to construct a successful flying machine, it a 
not necessary to reproduce the iilmy wing of the insect, the 
silken pinion of the bat, or the complicated and highly differ- 
entiated wing of tlie bird, where every feather may be saiii. - 
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to have a peculiar function assigned to it ; neither is it neces- 
*ary to reproduce the intricacy of that machinery by which 
the pinion in the bat, insect, and bird is moved : all that is 
required is to difltinguiah the properties, form, extent, and 
manner of appHcatiun of the several Hying surfaces, a task 
attempted, however imperfectly executed, in the foregoing 
pages. When Vivian and Trevithick devised the locomo- 
■ tive, and Symington and Bell the steamboat, they did 
' not seek to reproduce a quadruped or a fish ; they simply 
aimed at producing motion adapted to the land and 
water, in accordance with natural laws, and in the pre- 
« of living models. Their success ia to be measured by 
an involved labyrinth of railway which extends to every 
part of the civilized world ; and by navies whose vessels are 
despatched without trepidation to navigate the most boisterous 
seas at the most inclement seasons. The aeronaut has a 
dmilar hut more difBcult task to perform. In attempting to 
produce a flying-machine he is not necessarily attempting 
1 impoaaible thing. The countless swarms of flying crea- 
tnres testiiy as to the practicability of such an undertaking, 
and nature supplies him at once with models and materials. 
If artificial flight were not attainable, the insects, bats, and 
birds would furnish the only examples of animals whose 
movements could not be reproduced. History, analogy, 
observation, and experiment are all opposed to this view. 
The success of the locomotive and steamboat is an earnest 
of the success of the fiying machine. IS the difficulties t« 
be surmounted in its construction are manifold, the triumph 
and the reward will be correspondingly great. It is impos- 
■ible to over-estimate the boon which would accrue to mankind 
from such a creation. Of the many mechanical problems before 
the world at present, perhaps there is none greater than that 
of aerial navigatbn. Fast failures are not to be regarded 
the harbingers of fiiture defeats, for it is only within 
the last few years that the subject of artificial flight has 
.been taken up in a true sdentiflc spirit. Within a com- 
paratively brief period an enormous mass of valuable data 
has been collected. As societies for the advancement of aero- 
nautics have been established in Britain, America, Fvance, 
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and. other countries, there is reason to beheve that om 
knowledge of this most difficult department of science will 
go on increasing until the knotty problem is finally solved. 
If this day should ever come, it will not be too much to 
affirm, that it will inaugurate a new eia in the history of 
mankind ; and that great as the destiny of our race has been 
hitherto, it will be quite out-luatred by the grandeur and 
magnitude of coming events. 
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Second Edition, Rerised and Corrected. 



an Id hieb inteU«iual nurk ; 

, as refindKn^ rtcaUecdons. 

I little to OUT mformuiou re- 

_ Ji: of Sara Coleridao's falher, 



I aixepiabTe record, umI t 



PHANTASMION. A Fairy Romance. 



y Sara Coleridge. 
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LEONORA CHRISTINA, MEMOIRS OF, Dauchter 

of Denmarlv : Written during her ImpriionmenC in the Blue Tower o 
Ihe Royal Palace at Copeohafien, 1663—1685, Translated by P. : 
Biumstt, Translator of Grimm's "Life of Michael Angelo," &c. W 
an Autotype Portrait of the Princess. Medium 8yo. iw. &/. 
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THE LATE REV. F. W. ROBERTSON, M.A., LIFE AND 

LETTERS OF. Edited by Btopfoi-d Brooke, M.A., Chaplain in 
Ortlinaiy to the Queen. In 2 vols., uiiifonn with the Sermons. Price 
7j. 611'. Library Edition, in demy Svo, with Two Steel Portr.ijts. lis. A 
Popular Edition, in 1 vol. Price ts. 



NATHANIEL HAWTHORNE, A MEMOIR OF, with Stories n 
first published in this country. By H. A. Fag'e. Large post Svo. ^l. 
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CABINET PORTRAITS. BroGRAPKiCAL Sketches of Living Sta'h 
MEN. By T. 'WemyBB Beid. i vol. crown Bvo. ^s. 6d. 
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IVeris PublisJicl by Henry S. King &■ Co,, 



VOYAGES AND TRAVEL. 



ROUGH NOTES OF A VISIT TO BELGIUM, SEDAN, AND 

PARIS, In September, 1S70-71. By John Ashton. Crown Svo, 
bevelled boards. Price y. Stl. 
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ilinkvt 



i>d.«r 
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THE ALPS OF ARABIA ; or. Travels tlirough Esypt, Sinai, AraLln, and 
the Holy Land, liy WiUiani Oh&rles Ujaugliui, i vol. Demy Svo, 
with Map. Price 101. bii. 

ityle. 

THE MISHMEE HILLS : nn Account of a Journey made in nn Attempt 
to Penetrate Tibet from Assam, to open New Routes for Commerce. 
By T. T. Cooper, author of " The Travels of a Pioneer of Commerce." 
Demy Svo. Illuslrated. 

THE PEARL OF THE ANTILLES; The Artist in Cuba. Br 
7J. (^. 



Walter Goodman. 

■' Agood-siicd volume, dcUKhtTullyvivid 
lueevcctdviflyintcTcsdBEaiidrciQaFka^e- 
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FIELD AND FOREST RAMBLES OF A NATURALIST IN 
NEW BRUNSWICK. With Notes and Observations on the Nattual 
History of Eastern Canada, By A. Leith Adams, K.A., Ac, Author 



" Wanderings of a 
Iltuslraled. 14/. 

" Will be round interestuig by thaa 
talce a pleasure either in sporE at na 
hiilory , "—A Itrnram. 

iDtereat^ while the tiook is pi 



I India," &c., &e. Iti Svo, ctoth.. 
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nluable. 
TENT LIFE WITH ENGLISH GIPSIES IN NORWAY. By 
Hubert Smith. In Svo, clotb. Five fiill-pa^ Engravings, and 31 
smaller Illustrations, with Map of tlie Country showing Routes. Price slj-. 
"If any ofourreadetilhiBkof icrupmg "Wriilen In a very lively AEyle, and hu 

an acnimntance with Norway, let them cbroughout a smack of drf bumour and 
read IhU book. The iyp«es. always an satiric roflectinn whkh shews Ihe 1 



an acnimntance with Norway, let 
read (hU book. The gyp^es. alw; 
inlcrestrng Eludy, becctma doubly ip 
int. when we are^ as in these pagn, 
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Voyages and Tkavel— iroxA'nust/. 
FAYOUM ; OK, Artists is Egypt. A Tour with M. G&ilme and others 
By J. Lenoir. Crown Svo, dolii. lUustrated. ^l. 6J, 

""fhctaokt^^iinmiiiig. . . . Who- | S^faUr. '^ ^ 
SPITZBERGEN THE GATEWAY TO THE POLYNIA; ok, . 
Voyage to Spit7bergen. By Captaia John C. Wella, B.N 

la 8vo, cloth. Profusely Illustrated. Price llr. 

" Sliaighrforwaid ind dmr in 'ty\e, i " BJendi plcuantl^ sejedce^ wilh a< 






■—Cafhic. 



-A charmms book, rcmaikably 
wnllen and Wei iduslralcd."— J'/nHfl 

AN AUTUMN TOUR IN THE UNITED STATES AND 
CANADA. By Lieut. -Colonel Juliua George Hedley. Crown 
8vo. Price 5j. 

"ColoiTti Medley'.l little volume i! n I "Hay be rtcomnicndfd a! msnlv, scn- 
pleasantly WTiuenaa:ountafalwi>iTiQnlhi' iible, aod pleaaanllj wmten."— U^jr. 



V »bould any of out naden en 

see tlliilf^s witb thqir own eyes, and 
for tl»nvelvcB,narEwinter ID Upper F 

thdv^iiQ find this book, a very agtt -,____. . 

ZWit."— Times, Nile Yoyage. — i'amniv Rrvirai. 

ROUND THE WORLD IN 1S70. A Volume of Travels, with Maps. 

By A. D. Carlisle, B^., Trin. Coll., Camb. Demy 8va its. 



roLbl^boi^ 



IRELAND IN 1872. A Tour of Observation, with Remarks on Irish Public 
Questions. By Dr. James Macaulay. Crown Svo. p. 6d. 

"Acareful and >n5ttuelLve bonk. Full -" '-' " '■- •"-■ 

of iaCEE, full ' - ' ..-.-- 






OVER THE COVREFJELDS. By J. S. Bhepwd, Author of "A 



'—Evening StoMtiar^. 



iDtetforthy remajki Ol 



Ramble through Norway," ric 



^tten on the suMec 
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A WINTER IN MOROCCO. By AmeUa Perrier. Lai^e ci 
Illustrated. Price loi. 6rf. 
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PRINCIPLES OF MENTAl. PHYSIOLOGY. With their Applications 
lo the Traiuiitg hii<1 Discipline of the Mind, and the Study of its Morbid 
Conditions. By W. B. Carpenter, IiL.D., U.D., F.A.S., Ac. 

8vo. Illustratcil. {liiimediately. 

THE EXPANSE OF HEAVEN. A Series of Essays on Ihe Wondera of 
the Firmament. By H. A. pTOCtor, B.A,, author of " Other Worlds," 
&c. Small Crown Svo. [SAsrIIy. 

STUDIES OF BLAST FURNACE PHENOMENA. By K. L. 
Oruaer, President nf Ihc Geii-eral Council of Miiu:s lif France. Trans- 
lated by L. D, B. Gordon, F.a.S.E., F.QX., *C. Demy Svo. 
Price 71. dj. 



and builder^ tabic, u wdl an a u.-e[ul in- | Ito^ InUitDliun of BRDSh ArchiteCTl. 

CONTEMPORARY ENGLISH PST^HOLOGY. From the French of 
ProfeBSor Tb. Kibot. Au. Analysis of tlie Views and Opinions of the 
following Meliiphysicians, os expressed in their writings : — 
J«ME-s MiLt, A. Bmk. John Stuart Milu, Georcb M. Lbweb. Hhhikr 



'arioiis Eminent wiiten. 

With 50 illustrations. 

*hichorc needful to all who 

P the Ijud; in a xUle o( 



THE PLACE OF THE PHYSICIAN. The latroductoiy Lecture at 
Guy's Hospital, 1873-4 \ 1° which i= aiided 
Essays on the Law of Human Life and on the RELAncm 

BETWEEN OlILGANIC AND InOHCAHIC WuKLDS. 
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IFoi-ks Published by Henry S. Ki/ig 6- Ca., 



t. Being a. Sefl^^ 



Sci EKCE — continuid. 

THE HISTORY OF THB NATURAL CREATION, Being a 

of Popular Scientific Leclures on Ihe General Theoiy of Pn^pEision oi 
Species ; -with a Dissertation on the Tlieoiiea of Darwin and Goethe ; more 
especially applying them to the Origin of Man, and to other Fnndamental 

Siestion'i uf Natural Science connected therewith. By FrofaBBOr Smst 
EBcfcel, of the University of Jena. Svo. Willi Woodcuts and Plates. 
[/« the Press. 
ScconJ Edition. 
CHANGE OF AIR AND SCENE. A Physician's Hints about Doctors, 
Patients, Hygiene, and Society ; with Notes of FscuTHons for health in the 
Pyrenees, and amongst the Watering-places of France (Inland and Sea- 
ward), Switzerland, Corsica, and the Mediterranean. By Dr. Alphonse 
]]oim6. Laj^ post Svo. Price 91. 






i^ncntfarllieii oiIo 
'A fiinguiarly picai 
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MISS YOUMANS' FIRST BOOK OF BOTANY. Designed to 
cultivate the observing powers of ChadreiL From the Author^ latest 
Stereotyped Edition, New and Enlarged Edition, with 300 Engravings. 



" It ia but nrdy that a 
unqiuliHeU approlralion, bi 



I the cue with Mis Yaumsns' FirU BoDk 
of BobiDy. . . . It hasbccaevctTWbcre 
welcDinpd as a tinitfly Mid invaluable con- 

I education."— /■«// ^//ciaWf. ''" 



■■ThotKiderwm find some of the moil 

liiaclicallv applied in this lilLla bunk, 
wbicb is weLl written and popular in 



Iratiall, and in atylo Of cflmpootlNI. which 
tcDds tLT commend Im views. Sdiitinrgk 

"Thii IhmighcTuI lildr book is wonliy 
at Ihe peruHj of all intetcHcd in art or 



A TREATISE ON RELAPSING FEVER. By It. T. Lyoni 
Assistant-Surgeon, Bengal Army. Small post Svo, "Js. 6^/. 

" \ Pi^i^tic"! work thorougUs- supported in iiE views by a wries nf rematkat 
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FOUR WORKS BY DR. EDWARD SMITH. 

I. HEALTH AND DISEASE, as influenciid by the Uailr, Sensonal and 

olher Cyclical Changes in Ihe Human System. A New Edil. 7^. W. 

II. FOODS. Second Edition. Profusely lllustcoted. Price 5j. 

III. PRACTICAL DIETARY FOR FAMILIES, SCHOOLS, AND 

THE LABOURINQ CLASSES. A New Edit. Price 31. &/, 

IV. CONSUMPTION IN ITS EARLY AND REMEDIABLE 

STAGES. A New Edit. ^s. &/. 



THE PORT OF REFUGE; or, Counsel and Am 1 

IN DiFKiciiLTV, Doubt, uk Distkess. By Kanley Hopkina, Author 
of "A Handbook of Average," "A Manual of Insurance, &c. Cr. 8vo. 

1 :— The Shipn 
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Ihipmutcr^A PoaidDD ondDudu. — A^dU and Agency. — Avcraffe, — 
. Menu of Kiiaine Monc/, -The Chaner-Forly, End Bill-gr-LaSing. 
iiiui ; and die Shipowner's LicD.— CoUiuoa. 

I doubt, diSctitiy, 



1 library. Ttdi tyooput dF Ihi 

Dud Ihe hinu he ^veft on a va 
s inu4L be invalu^e 10 the m 



ind djxager,"'— j/tfrcunru!r Man 



ts leachiagt." — Cotbum's U.S. Mttffatim. 



LOMBARD STREET. A Description of the Money Market. By Valt« 
Bagehot. Large crown Svo. Third Edition. 7/. fe/. 



acccplabig addition 10 die lite 
HiuinCE. "—SlKi E-TcAanrcJl ei'ir 
: Baiefaal lauches nicideiilally 



"Ahylnxiy who wifihcfl id have a clear 
idea at diD workiigs of what is called the 
MoDcy Marliet ihauld precure a lillle 



one, It a «lntwt jKcdleas to say, on vhidi 
Mr. BatfehoL wrilu with the authority of a 
man who oombinoB practical eKpenence 
widi sdenlilii: study."— JafanV /tnrim. 

mcnt of Ihe reserve of thn Bank of Eniland, 



CHOLERA; HOW TO AVOID AND TREAT IT. PopuUt t 
Practical Notes by Henry Blanc, M.D. Crown Svo. 41. 6d. 
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Although lh««WartaareDOIsp«;rianjri]=siBiii;dforlhc[ilslnimdnofbee; 




Works Published by Henry S. Kiitg i 



S Cl ENCE — contiaaid. 




THE FORMS OF WATER IN RAIN AND RIVERS, ■ 

AND GLACIERS. By J. TyndaU, LL.D., P.B.B. With i6 

UluEtialioos. Crown Svo. Ji. 



Sppond Edition. 
PHYSICS AND POLITICS; oa. Thoughts oK the Appuc 

THE I'tiiNCII'LEa OK "NaTDKAI, SELECTION" AND 

TO Political .Society. Uy "Walter Bageh.ot. Crown Svo. 4/. 
"On t)iewhole>*e cin cscDmnieDd the I " !M.sa.ai\'n,tfsBmA."—S*B:talar. 
book as welJd»ervingloberEad by thought- " A wark of reaJLy ori^nBl and ultere 

fu] students of poUtic*," — SittHrdaySrvtFa: \ ing spcculatioo."— CwawfiM. 



id Edillc 



FOODS. By Hr. Edward Smith. Frofosel; lUoaliated. Price 51. 
"A comprehensive taami nt our piesenl 
diemical and physioIoeicnL knowLcdjge dI 



Second Edition. 
MIND AND BODY: The Tkeorifs nr their Relatioms. By Alex- 
ander Bain, I1I..D., Profeisor of Loeii: at tte Universily of Aberdeen. 
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INTERNATIONAL SGIENTIRG SERIES. 



Dr. BHHBY MA.'ODSIiXI'. 

RcsponsLbility in MEntal Du<au 
Crof. Z. J. MARsr. 



r. M. J. BEREBIiBT, I 
«l M. CqOKB, M.A.. I. 
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Prpf. OBCAB SCHMtllT. 
The Theory of Dmlls'u am 
The Firsl Principles 

Prof. T. H. HUXLSIT, TiJ)., F.B.B. 

Bodily Motion and Conscioumns. 
Dr. W. E. CAHPENTBR, I.I..D., F.R.6, 

The Phygib^ Gcogiapby of Iht Sea, 
Prot WTT.T.IAM ODUNQ, F.K.B. 

Tl.eNc«Oic:mfsIry. 
Plot BHKmON AMOS. 

W. I.AtrDBR 



Spectrum Aodyiih. 
Prof. MTOBAZI. F08TEB. US. 

Prof. W. BTARIiny JSVOHB. 

St. B. OEARliTOH BABTIAH, M.r>., 



P.Ba. 



s an Orgi 






Prot A. a, EAMBAT. MiD., FJR.& 
E«rth Sculplure; Hills, VaJley», Mc 
lains, Plains, Riyen. Lakes; h_ . _._. 
were Produced, lod liow ckcvhiie Ikci 
Drauoyed, 
Plot BUSOIiFH VUtOHOW, 

lUnivcroly of Bulini . 
Mnrbid Physiolsgkal Aclion. 



PraL A. QirBT£:i.£jX. 

Social l-hy si C5. 

Prof H, SAiNTK-oumi: i 



Prot Sa QUATBJlFAaEB. 

The Negro Races. 
Prof. IiACAZH-OUTHXElKS. 



Prot J. ICOSXHTHAIi. 

General PhysiologyorMTUclesanil NervH. 
Prof. JAMBS D. DAHA, iLA., LIi.I>. 
On Ccphalizalian ; or. Kead-ChaiseUn In 
the Uiadadon and Progtesh of Life. 
Prof. a. W. JOHHBON, U.Jl 

On the Nulrition of Plants. 
Prof. ACTBTIM FLINT, Jr. M.D. 

The Nervous Syuem and in RelatxiLM 
the Bodily Cnnelions. 
Prof. W. D, WHITNBT. 

Modem Ltngui^lic ^depce. 
Prof BlillHSSSlN (UnivemtyofHille). 

Phynology of the SeriKi. 
Prof. FUROIHAKD OOBN, 

(Univerrity of BroiUu). 
Thallolyphes (Algae. Licheiu, Fungi). 
~ ~ SEIBMANN (University of Zuridi). 



Prot TjOHMSXi (Univeruiy o( Eclaigea). 

Oplies. 
Plot BBiaiB(Ui.lv*r»ityorErlangen^ 

Prof. eTKINTKAl. {Uiuveisiiy of BeilhiX 
Outline! nf lbs Science of Language. 

Prof. TOaBI> (Polriedinie Acid. ofBaUoX 
The Clien^iul ElFecca of Light. 
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THEOLOGY IN THE ENGLISH POETS. Being Lectures deUvcred 
by the Hbt. Stopford A. Srooke, Chaplain in Ordinary to Her 
Mnjesly the Queen. 

MOUNTAIN, MEADOW, AND MERE; a Series of Outdoor Sketches 
of Sport, Scenery, Adventures, and Natural History. By Or. Chris- 
toplier Daviea. With i6 Illustrations by W. Harcqlst. Ctown Svo, 
price 6j. 

HOW TO AMUSE AND EMPLOY OUR INVALIDS. By Harriet 
Power. Fcap. Svo. Piice 21. 6d. 
What Invalids nay do 10 Amuse Tbem- i AmuHMnenl for Invidid Children. 

selves. I'd the Invalid, 

What Frieods and Ailendanb may da for Comfons and Employment for the Aged. 



Ankles for < 












answered at aoroe ienglh in this little, buok, 
upon ui llie many manuals for nurses. 


ivhicii laltes up a subject but htlle touched 


STUDIES AND ROMANCES. By H. Schutz WilBOn. \jt^ 

Crown Svo. Price 71. &/. ^H 


•nnLo»eBofGu«h=. 
(U e!^^ Horn. 

An Episode oTlhi: Terror^ 


Harry Ormimd's Christmas Diiuiw^H 

AsTodeTRo^L ^ 
The_ Story of UiUe Jenny. 

ThS'ifKotd of a Vanished Ufe. 


^ Vi™:iomaBdiaterestinE,"-JVfl/j-«^-i. 
anuse and li.sttucl, and he must be n^cry 


hard ID please if he Ends nothiug to suit 
him, either grave or gay._stnTine or ra- 
manllc, m the capiml sioncs eollceted in 
this well-got-up volume."— 7aS« BhII. 
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Essays, Lectures, : 



AN ESSAY ON THE CULTURE OF THE OBSERVING 
POWERS OF CHILDREN, especially in coanection with -lie Study 
of Botany. By Eliza A. Toumans. Edited, mth Notes and a 
Supplement, by Josepli Payne, F.C.P., Author of "Lectures ou the 
Science and Art of Education, Sec down Syo, ai, 6d, 



THE GENIUS OF CHRISTIANITY UNVEILED. Being Essays 
by William Godwin, Author or "Political Justice," S,c Never before 
published. I vol., crown Svo. 7^. &/. 






Mr. Htlps's'FricndiinCouodJ.'"— £j-a- LfaJtr. 
" Will well repay penj£a1 tiy all tliought. | readable' 
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Works Puhiklud by Henry S. King &■ C» 



EssAVS, Lectuses, etc. — tontimud. 



" A charming Utile volume."— 7Ym«, | lo ^M ihjs 'boaV." —BriiiiU Quarter^ 
"We ihdDld * Rcosuaeml our teodea | Fail -Vail Gnirlit. 

SOLDIERING AND SCRIBBLING. By Archibald Forbes, of ihe 
Jellify News, Anlhor of "My Experience of the War between France and 
Cennany," Crovm Svo. "js. da. 

who opnt it will be indioed to read I ootoden touchir^ icililary Vi\t, in Uiit 
* ' TtiDrDU£lj]y rcad^le lUKi vonh. {j 



thrcni^ To 
' "Tarn 



lalor 



THE ENGLISH CONSTITUTION. By 'Wftlter Bagehot. AS 

Edilion, revised ami corrected, witli an Introductory Dissertation o 
chattges Bnd events. Crown 8vo. 71. bd. 

"A plcaane and clever stuiy on the I deflrly whnt the efficient part of ihe Ebh- 
deputnienl 0? hiifva politics.'^— (^Ko-- lish Coiuiilutiati reaU; a.'— Pail Jfag 



REPUBLICAN SUPERSTITIONS. lUusitrated by the Political E 



vnterof remarkable vigour acd punty of and be ■& Dccariaiially almost eloquent ''' — 
s^yle." — Standani, \ CHardian, July 3, 1873. 
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litors, and in the iatroduclion to each »iU 


sireamleta to theu- pareol river." —Crafiic, 
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MILITARY WORKS. 



THE GERMAN ARTILLERY IN THE BATTLES NEAR ME' 

Eised on the official reports of Ihe Geiman Arlitlery. By Ca-ptain 
Hoflbauer, Instructor in the Gernmn Artillery and Engineer Scliool, 
Translated by Capt. E. 0. Hollist. 

Lx, fumulua^ full details a± to Ibc 
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c iRDvenienti cF the Gcmun uiillerr in 
fl Ihree cUyi* li?hdtiE f '"■- — ~ — ^ 
"-- -hiA«- ■- 
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k dearly cxploinedt and the valtiabLc nups 
tests. Tables aie slio supplied in Ihc 



ilun of at 



d the ' 



lus Dot previously b 
Ikdratare of the can 



tTHE OPERATIONS OF THE FIRST ARMY, UNDER STEIN- 
METZ. Uy Von ScheU. Translated by Captain E. O. HolUat. 
Demy Svo. Liniforni with tlie other volumes iu tiic Series. Trite loj. 6</. 

THE OPERATIONS OF THE BAVARIAN ARMY CORPS, I!y 
Oaptain Hu^ Helvig. Transhleil by Captain O. S. 8chwabe. 
With 5 large M.i|i,. Demy Svo. Uniform iviLli the other Books in the 



DRILL REGULATIONS OF THE AUSTRIAN CAVALRY. 

From nn Abiidged Edition compiled by Captain Illia Wounovits, of 
the General Staff, on the Tactieal RegiJations of the Ausltiaji Amiy, and 
prefaced by a General Sketch of the Oiganisalion, &c., of the Coanlry. 
TransinlcJ by Captain W. S. Oooke. Crown Svo, Ump cloth. 

THE OPERATIONS OF THE FIRST ARMY UNDER GEN. 
VON GOEBEN. By Major Von ScheU. Translated by CoL C. 
H. Von Wri^l^. Four Maps. Demy Svo. <M. 

History of Ihe Organisation, Eqiii^mcil, and War Strvica of 
THE REGIMENT OF BENGAL ARTILLERY. Compiled &om 
Published Official and other Recorils, and various private sources, by 
U^or Trancia W. Stubbs, Royal (late Bengal) Artiilery. Vol. I. 
will conlaia War Skrvices. The Second. Volume wiU be published 
separately, niid will contain the History of the Okganisation and 
EyuiPMEHT OF THE Rehiment. In 2 vols. Sto. With Maps and 
Plans. il'riparins. 
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IVorks Published by Henry S. Kifig &• Co., 



Military Works— «b/i him/. 

THE ABOLITION OF PURCHASE AND THE ARMY REGU- 
LATION BILL OF 1871. By Xieut.-Col. the Hon. A. Anson, 
V.C, M.P. Crown 8vo. Price One ShiUine. 



VICTORIES AND DEFEATS. An Attempt to explain the Ceuses whicli 
have led to them. An Officer's Manual. By Ool. B. F. Anderson. 
Demy Svo. 14;'. 

"A ddigbirul miliUIT clasuc, and what I wimnt bim tSat let Cbat Bh be ever sa 
is OLDrc, B mut usefuf one- The young J smaL! iL will give hini material for an 
officer shoLild have il always at h^d to hour's thinking. ' — i'niCtdSpi-vicf Gasjite. 



Colonel Edward Nevdigata. Crown Svo, limp cloth. Price 21. &/. 



THE OPERATIONS OF THE FIRST ARMY IN NORTHERN 
FRANCE AGAINST FAIDHERBE. By Colonel Count Her- 
mann Von Wartensleben, Cliief of tlie SiafT of ilie first Army. 
Translated by Colonel C. H. Von Wrigtt. In demy Svo. Umfurm 
with the above. Price gT. 

rimple, yet omineully in- "TIiB work is bused on Iheoffidil war 

, u; I. : . documenls— it is esped^ly valuablc—ihe 



aupplemcntcd by officia 



ELEMENTARY MILITARY GEOGRAPHY, RECONNOITRING, 

AND SKETCHING. Compiled for N on- Com missioned Officers and 
Soldiers of all Arms. By Lieut. C. E. H, Vincent, Royal Welsh 
Fusileers. Smalj crown Svo. is. dd. 
•■ An admiraljle little manual full ot facts and teachings."— fKii^Joril-if Caicltr. 
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IVorks Published by Henry S. Kittg &• Co., 



Military Wokks — conlimitd. 



STUDIES IN THE NEW INFANTRY TACTICS. Parts I. & II. 
By Major W. Ton Schereff. TmufJaCed from the German byOol. 
Ziumlej' Oraliam. Price 7^. (td. 

votthy ai Ibc perusal — md«d. aT 

aiuci: and it 



ould be c 



n «Juch 



abljr tTKiKd ; ind 
work which has f 



idedly E. 



TACTICAL DEDUCTIONS FROM THE WAR OF 1870—1. Ey 
Captain A. Von. Bo^uBlawaki. Translate<.l by Colonel Iiumley 
Graham, !ale i8th(RDyal Irish) Regiment, Dtmy 8vo. U niform with 



mihlaiy llhtury, end i 



THE ARMY OF THE NORTH-GKRMAN CONFEDERATION. 

A Urief Description of its Orgatiisntion, of tlie dilTecent Branches of the 
Service and their 'ROle' in War, of its Mode of Fighting, &c. By a 
Prussian General. TrrLnslaled from the German by Col. Edward 
Newdigate. Demy 8vo. 51. 

■,■ The aulhorship o( this iBOlt wi 









THE OPERATIONS OF THE GERMAN ARMIES IN FRANCE, 
FROM SEDAN TO THE END OF THE WAR OF 1870— I. 
With Large Official Map. From the Journals of the Head-qunrters Staff, 
by Mtyor Wta. Blume. Translated by E. U. Jones, Major 20th 
Foot, late Professor of Military History, Sandhurst. Demy 8vo. Price gj. 











'■The wtirk of iransbiidn hM been well 























THE OPERATIONS OF THE SOUTH ARMY IN JANUARY 
AND FEBRUARY, 1B7I. Compiled from the Official War Docn- 
menls of the Head-quarters of the Southern Army. By Count Bermaim 
Von WaTtensIebeu, Colonel in the Prussian General Staff, Translated 
by Colonel C. H. Von Wrigrlit. DemySvo, iviih Maps. Uniform 
mth tlie above. Price 61, 
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JVcrAs PublUhid by Henry S. King 6- Co., 



ItllLlTAKY \iOlLK.s—(enlinutd, 

HASTY INTRENCHMENTS. By Colonel A. KialmoDt. Trans- 
lated by Iiieutenant Charles A. Empoou, B.A. Demy Svo. Nine 
Plates. Price 6s. 



K -vnlitcible cqmributioD 






St be slmMhentd 





bc.h»«i, 


critically ivrilt 


T^"-fC*t 



ampWaikeb 








ontl vun V 

























STUDIES IN LEADING TROOPS. By Colonel Von Verdy Du 
Veraoie. An authorised and accurate Translation by Iiieutenant 
H. J. I, Hildyard, 71st Foot. Parts I. and II. Demy Svo. Price 7j. 

lunBtsly-plBCed UafT-oQcn is in a pnitiaH 
to ^Tc i have read and re-re^ them 
very carefully, I hope with prolit, certainly 
vith ETonr intoreBt, Dad believe that prac- 
lice, m the setwe uf thtje ■ Studrei,' nould 

detul oT the mine 



CAVALRY FIELD DUTY. By M^ or -General Von MiruB. Trans- 
lated by Captain Frank B. Bu&sell, 141)1 (King's) Hussars. Crows 
Svo, limp cloth, -ji. &/. 

•.• Thb is the test-boDlc of instnicttun { dund eonsequent on (he experiences of 
in the GBrmBd cavalry, and comprises all the late war. The ereu inlere« ihai siu- 
the details csnnecMd with the miliury denia fi^el in all the German military 



DISCIPLINE AND DRILL. Four Lcelures iJeUvered to the London 
Scottish Gide Volunteers. By Captain S. Flood f agv. A Nevr and 
Cheaper Edition. Frice is. 

"One of the best-lmovm and coolest- I addressed by him to the men of his corps." 
...1 J, i... laiciy p^,^,^ I "Ttic vary aKfolandinmcJling wort,"* 



tided ao ai 
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iVor/lis Fublislud by Henry S. King i- O.,* 



INDIA AND THE EAST. 



tisa Die famoiii Spardng Sdngs wclLten by 
S. Y. S.. of "The Boar, Saddle, Sour, 
■Dd Spear,~ &c, ftc— Capt. Monsts, of ihc 
Boml^y Army ; lu wdL u dueriptinns of 
Hog Hunts, Fiu Runts, Lion Hunts. 
r«w Hums. Mid Ch«u Hums: ac- 
eountiDf Shonling EicuniDni for Snipe, 
PanridKes, QuaiJ. Toiiran. Ortulan, and 



Wild Fowl ; uiieresCinK delaSs 
Matches, Coet Fi(hu.TIoi5e. T 
Doolicy Rseei : deuriplionsofl 
RteulatioD 



irrof°tan!"w3I 
ct Feab of Noted 



" Oac of llie 
pubUshed in In 



THE EUROPEAN IN INDIA. A Hand-book of. PracHcal InformatiQii 
for those prot^eding lo, or residing in, the East Indies, relating to Outfits, 
Routes, Tittle for Departure, Indiati Climate, &c. By EcUmuid C. P. 
Hull. With a Medical GtiiDE for Anglo-Indians. BeingaCom- 
pendiuin of Advice to Europemis in India, relating to the Preservation and 
Reeulation of Health. By B. S. TSaix, K.S., F.B.O.B.H., Late 
Deputy Coroner of Madras. In I vol. ' Post Svo. 6j. 

er or traveller in ludia." for it supplies a want *liich few perwns 
■HfLV have discovered, but whict everybody 
wiiJ at once reccgnlse vhen once the con- 
IcDts of .the boolc have been inastered. 

THE MEDICAL. GUIDE FOR ANGLO-INDIANS. Beiag a Com- 
pendium of advice to Europeatis in India, lelating to the Preservation 
Hod R^ulation of Health. By B. S. Hair, F.B.C.S.E., tate Deputy 
Coroner of Madras, Reprinted, with numtrous additions and corrections, 
from " The European in India." 

EASTERN EXPERIENCES. By L. Bowrine, O.S.I., Lord Canning's 
Private Secretary, and for many years the Chief ConimLssioner of Mysore 
and Coorg. In i voi Demy Svo. 1 6/. Illustrated ivith Maps and 
Diagrams. 

"An admirable Dnd enhaustive sen- own, should ohtiun for Me. ~ " 

graphical, political, and industrial aui " ■,--,- --.i--.-. .— 

—AllaH^,.. 

'*The usefulness of this GOmpac 
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lyvrAs PiiblUhed by Henry S. King &■ Co., 



India and the East — ■cnHtinuai. 
WESTERN INDIA BEFORE AND DURING THE MUTINIES. 
Pictures ilrawn from Life. B7 ]I^or-G«ii- Sir Qeor^ lie Qrand 
Jacob, E.C.S.I., C.B. In 1 vol. Crown Sva. p. (•d. 

"The mosl imporouit conlribu^on to I "'Few men mgrt cqmpMcnt than hiiii- 
the history of 'Wesitm India during ihe self tg speali luiliorilativcly eonceroine 
MuEiniu whkh has j-ct, in a popular In ttian affairs/' — Sianditrd. 

EDUCATIONAL COURSE OF SECULAR SCHOOL BOOKS 
FOR INDIA. Kdiledby J. S. Laurie, of the Inner Temple, Barrisier- 
at-Law; formerly H.M. Inspector of Schools, England; Assisl^inC Roynl 
CommisBToner, Ireland ; Special Commissioner, African Settlements; 
Director of Ptibiii; Instruction, Ceylon, 

Extract from Prospectus. 

The Editor has undertaken tufraineret j awaiB ofBdu.1 and public approvaJ I 

India.— what he hat been cminenLly tuc- plue, within a compsialJvEl; lirief 

eet^l in dnini for England and her lis conKmplalcd pir ' '■' 

colonies. — a senes of educaiional wcrk±. fBiiiy compre^nstve .^^.^ ». ..»..»...«-.. 

which hehopH will prove as AUlLablefor various leading vernaculars of Ihc Indbn 

ihepeculiar wnntiof the mamtry as they \ comment. Meanwhile, tboseonhiigeneial 

above alluded to. IJlie all beginnings, his | presen! form, for use "ui the Anglo-vet 
prcKnt insralmontA are necesurily some- nacular and English schuola of ladui. 
what meagre and elcmeocary ; hut he only | 

Till fotlinmng WiSri; an iimv ready: — 

HINDUSTANI ' '' ' QEOQRAPHT OF 

HINDU BTANI Empire in Hmdud 

inen wrapper . , d 6 Cloth. . 

gly hatind in cloth . d 9 I 



EXCHANGE TABLES OP STERLING AND INDIAN RUPEE 
CURRENCY, uroN A NEW A!JD EXTENDED SYSTEM, embradng Value> 
fioin One Farthing to One Hundred Thousand Pounds, and at rales pro- 
gessing, in Sixteenths of a Penny, fiom u. gd. to 3j, 30", per Rupee. By 
Donald Froser, Accoimtant to the Uritistt Indian Steam Navigation Co., 
Limited. Royal 8yo, loj. 61/, 

*'The coIcuEbI^ode must have Entailed | have deolinEI with any country where the 
great labour t^n the author, but the work rupee'and Lhe Erulisb. pound are standard 
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BOOKS FOR THE YOUNG AND FOR LENDING 
LIBRARIES. 



LAYS OF MANY LANDS. ByaKniglitBrrant. !Uii=t™ied. CrownSvo. 



SEEKING HIS FORTUNE, AND OTHER STORIES. CrownSvo. 
Four lUiistratioQS. Price y. 6ti. 

enforcing, indLrcclIyi a gdod moral luaon. 
■ DADDY'S PET. By Mrs. EUen Boss {Kelsie Brook). Square crown 
Svo, uniform wiin "Lost Cip." 6 Illustrations. 

A pathetic story of lowly life, showiDg the ^ood infuence of home ailj of JillJ-lifu 

THREE WORKS BY MARTHA FARQUHARSON. 

Each Story is independent and complete ia itseir. They are published in uniforni 

size and price, and ai'e elegantly bound and illustrated. 

I. ELSIE DINSMORE. Crown 8to. y. dd. 

\\. ELSIE'S GIRLHOOD. CrownSvo. y. iid. 

IIL ELSIE'S HOLIDAYS AT ROSELANDS. Crown Svo. y. W. 

The Slorica by Ihi! author hays a very high repulaliDn in America, and nf aQ her booiiK 
Ihoe are the mou populu snd widely citculaled. Thc» are ibe only English editious 

LOST QIP. By Heaba Btretton, Author of "Little Meg," "Alone in 
London." Sqtiitre crown 8ro. Six IlloBtrations. Price u. ^d. 
• A HANDSOMELY BOUND EDITION, WITH TWELi'E ILLUSTRA- 
TIONS. PRICE HALF-A-CROWN. 
" Thoroughl;^ snlisu the sytnpathieji of t /^rmiil. 
"Full"of lei^H taar!h^"-~N<mam- \ —ChmthH^J. 



Price IS. bd. 

pan I.— yaiihful in Liiilc, Part 1 1.— L'nfaiihful. Pan ill, -raiihful in Jl 
AT SCHOOL WITH AN OLD DRAGOON. By Stephf 
Mac Kenna. Crown Svo. 5j. With Six lllusl rations. 
'■ At Gbumee Villa." In a Golden Fon. A Baptism of Ftost. 

InlmdiKiory. A Uttle Game. Who Shot ihe Kafin 

Henry and Amy. Tnie 10 hii Salt. John Chinoman > 

A Sloty of CnDlerbgry, Molher Moran's Enemies. Middies. 

A Oisaslrmis Tmmpcl Call. Sooka the Sycee ; or. Sea 
A Bapmm of FiK. ti^sei in Redily. 

A Series of Sloriu of SliLilary and Niival Advenluie. related by an old Retired OISi 



related by an old Retired O 



Works Puhlisfud by Henry S. King &- Co., 



FANTASTIC STORIES, Translated from the German of Itiohard 
I^auder, by Paulina B, QranviUe. Crown Svo. Eight full-page 
□lustratiQQS. 

The lli™ning Bced. 
Ths Linle Hiuop-Bju^d 

Maiden. 
Heavsnly Music. 



The Magic Orean. 
Tbo InviiLble Kingliom. 
The KnigliE wba Grew 

or 1^ ^ueen wliD could nol 
make Gingerbread Nitt^, 
and of lIleKing who eDuld 
TiQt play the JcVi Harp. 



childrci 



meet OiebeMof 






TlLeandn 



Id fioiih. 






a he 



THE AFRICAN CRUISER. A Midshipman's Adventures on the West 
Coast, A Book for Boys. By S. Whitchurch Sadler, 11.11. Tliiee 
Illuslrntions, Ctown Svo. y. 6d. 

A bnql: of tEal adventures among slavHs on the Wcsl Coast of Africa. One elucf 
Kcommendation ii llie fuEhfuliiess of the local colouring. 

A Second 






BRAVE MEN'S FOOTSTEPS. A Boole of Example and Anecdote for 
Young People, By the Editor of " Ken who have Bisen." With 
Four illustrations. By O. Doyle. Jt, 6d. 
" The little volume is precisely of the I "A teadable and instrudiTC volume."— 



Third Edition. 
STORIES IN PRECIOUS STONES. By Helen Zimmem, With 
Six Illustrations, Ciown Bvo. 5/. 

"A prclty little hook whidi fsuicifd I "Ascrics of pietly talcs which ate lialf 

moay an ipufinaty vtttuc altadied Lo the j-ouo^." — Daiiy TtU^a^ 

GUTTA-PERCHA WILLIE, THE WORKING GENIUS. By 
Qeorge Kacdouald. Witli Illustrations by Arthur Hughes. Crown 
Svo, 3J. dd. 

"AnaaiushigaDd inJlructive booli."— I "The clevtrett child we kni* assures us 
Yorkihir! _Pssl.\ | she has read this story through five tim«. 






ill known."— £*^iyiiM»yft 



Mr. Mao 



■SM"'*" 
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Works Fttblished by Henry S. J^t'ig &• Co. 



, ETC. — roiilhiucd. 



amden, AatSor 



wide circulation amonE our boys a 



"-i- 



present for boys. They will find in it nu- "A really eiocUent book. "-J/tefta 



THE DESERT PASTOR, JEAN JAROUSSEAU. Translated from 
ihe Frenth of Eugene PeUetan. By Colonel E. P. De L'HoBte. 
In fcap. Svo, wilh nn Engraved FrontiEpiece. Price 3/. 61I. 



tpeccadeor a household broufhi up in tbe "A touching record of the itnugJuin 

LnutmNrwi.' ' ' ' j nan.-— Gra^u. 

THE DESERTED SHIP. A Real Slory of ihe Atlanlic. By OuppleB 
Howe, Master Mariiier. Uiustraled by loWDley Oreen. Crown 8vO. 
3J. 6rf. 






J a chvrminE lilUe fgllaw wlu meddiss tlvsjs 
1 iSCa'iii and fielps Lhcm 10 do nght. There 



■—fnille OfiHUH. 
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Works Published by Hairy S. King ef 
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LYRICS OF LOVE FROM SHAKESPEARE TO TENNYSON. 

Selected and artanged by W. Davenport Adams. Fcap, Svo, ptii't 
V. &/. 



DEDICATE! 



E Poet Lauri 



WILLIAM CULLEN BRYANT'S POEMS. Red-line Edition, Hand- 
somely booiid. With IIlustiatioQS and Portrait of the Author. FHce 71. 6d. 
A Cheaper Edition is also published. Price JJ. 6<f. 
Thtic an tkt tmly tciapltit E»^A Ediliem lanclUmtd tj Hit A ulk^r. 
ENGLISH SONNETS. Collected and Arranged by John Dennis. 

Small crown 8vo. Elegantly bound, price 3*. dd. 
HOME-SONGS FOR QUIET HOURS. By tile Bev- Canon E. H. 
Baynea, Editor of " English Lyrics " nnd " Lyra Anglicana," 
ilaniisomely ptinled and bounil, price 3j. bd. 
THE DISCIPLES. A ITew Poem. By Harriet Eleanor Hamilton 
King. Crown Sto. 7j. M. 

Tho prcsoii work wis cnmincuccd at I leacher. The author Bnjoyed the privilege 
(ha expres iiisEaiice of Ihe great Icalian oi" MazDni's ftKlldship. cod the fint part 
patriot, MdKuni, ;ind c^irunctnorrLCu aomc ol [hU work waa on ieb way to him when 
Ejf his aKDcUtfs and fdlcpv-wbrkcra— men tidingt reached thia couhlry tlul ba b 

SONGS FOR MUSIC. By Pour Friende. Sqaare crown 8vo, • 



Reginald A. Gatty. Stephen H. Gatly. 

GrevilleJ. Chester. J. H. E. 

THE POETICAL AND PROSE V/ORKS OF ROBERT BtJ- 
CHANAN. A CoUectcd Edition, in 5 Vols. 



' thai taa tol I 

■I 

;rt BtJ- 1 



nunccs ;" - Ballads and Poems of Life." 



THOOaHTSINTHHBB, SmaLLmrwnSv^ 


NAHCiaBUa AND 0TB3SB POEMS. 


.land-p^l. 




Bv K. CarpentBT. Small crown 3m. 




TALK OF THB! 81! A. BOTTNBTS. 




ANE OTHKK POKMB. By James 


COSMOS. APOom. Small crown Bvo. 






SuBJECt.-NolursinthePaitandinlhr 




UTATIONB FROM THB! QBRMAN 


Present. —Man in ihe PasI ^nd in [he Pre- 




as BPITTA AHP TKBSTBaXH. 


senl.-Tho Fptuie, 




13y Lady DnTBoa, Crown a™. *t. 
"Auacrcpiflble addition 10 the religious 








Pri»'%.^^*""""^'™'' '^°*"'™- 


METRICAL TRANSI^TIOKB FROM 






THS OREKK AND LATIN POSTS. 


A Collection (if Vers de Sodieti!, for Ihe 










BoBireU. M.A. 0:<on. Crinm Hvo. 
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JFeris Publislied by IJeitry S. Khig 6" Co., 



P OlXVl—COttluiUtd. 



B. Bootl. CraWD 
BTORIBS 



incUned to hope so alter 
LcKOidi.' TherF i< a ri 



pewer ^rfayminxi bixJ plmty of swine, 
wbith imuslibly lemiodt us of ourlfd 

XDITK : DR, LavB and Ltfe in Cheshikb. 
By T. Aalie, Author of Ihe " Sorrowi of 
Hypripyle," clc. Sewed. Price id, 

"A ically fine p«m, full of lender. 
JV™. ° *'^ ""^ "" 

THE &&T.I.F.R'g OF PIOEONH, AND 



Thtnish of^resh" ^paSl'ing ftnc'iB^W o 



fMr. 'Collini has^' an undcrcuirei 
ihe special characteristic of hia vers 






Klls with such palhos 



nTThe™ 



Translated from Ihe Spanish. By DenlB 
Florenoo MaoOarthy. ,oi. 

These Iraoslalions have 4l«ver before 
been mihlished. The '■Pur^lory of Si. 

elahqiflte Ss'orieal no^!!°' " "'^ "" 

SO»aB FOB BAILORS. By Dr W C 

BanOBtt. Dedicated by Special Request 

lo H. R. H. the Duke of Edinburgh, 



Areinar 
G^'iZe 


kableW 
power 


displayed. 


poetry 
— Ejca 


t, ^'lit 


. Poetical fec^E i 
diction of the poen 
-Pall Af nil Goalie 
succcnfully atlem 


numife. 
ted wha 



"Intensity of feelina a rugged polhos. 

-/3^l^JuTLmjJ'Nf,^l IS purpose, 

SONGS OF LIFE AND DEATH. By 

John Payne, Author of '■ Intaglios." 

■' Sonnets." -The Masque of Shafows," 



(inl^ngland.andMr. fayue may claim 
he its tcslnrer. It Is a perfect deliBht to 
set with such a ballad as ' May MarEaret ' 
folume." — iVnImnsltr 



pfit. Tbe'Paemaof Iialy'araevidenlly 
cause espoused : and one of tbetn. ' The 



•&^a^^^jWsUt^^n 




TWO GIRLS. By I^edarick 
Wedmoie, Author of "A SoapC 
Gold Ring." In 2 vols. Qoth, 



MR. CARINGTON, 

Love and Conspiracy. By Robert 
Turner Cotton. In. 3 vols. 



LADY MORETOUN'S DAUGH- 
TER. ByUre. Eiloart. In 
3 vols. Crown 8vo, clotb. 
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FICTI ON — cohHhuoI. 



HEATHERGATE. In 2 vols. G. 
Svo, cloth. A Story of Scottish 
Life and Ch3.[:icter by a. new Author. 

THE QUEEN'S SHILLING. By 
Captain Artliur OrifQtlis, 
AutliDT of " Peccttvi." a vols. 









D0«1."- 


'ami. 




S^i,t 


ta"" 


5 shaiiVJ» 















MIRANDA. A Midsiunmer Madness. 
By Uortkaer CoUiiui. 3 vols. 
" There i:^ udE h dull paee in Ibc wliok 



;'Th 



Jik of = 



SQUIRE SILCHESTER'S 
WHIM. ByMortimerColiinB, 

Author of " Marquis and. Mer- 
chant," "The Princess Clarice," 
&c. Crown Svo. 3 vols. 
"Wedimk illliebcst InoiyJMr. Collins 



ingailnry."— ^■/a«i/ani. \ 

THE PRINCESS CLARICE. , 
A Story of 1871. By Mortimer ( 
CdIUob. 2 vols. Crown Svo. 

'*Mr. Callioa bu produced a reodalilc' 
book, sunuflingly duracuHslic . . . ." — 

"Very readable and amDnn^ 

an.-— Pall Mall Giatitt, 

■■Ahrighl.fresh, andoiigmal book."- 
Slanda^. 

WHAT 'TIS TO LOVE. By the 

Author of " Flora Adair," " The , 
Value of Foaterstown." 3 vols. | 



REGINALD BRAMBLE, ACyoic 
of the 19th Century. An Auto- 
biography. One Vohime. 

"There Is plenty of viyadty in Mr. 
Bramble's nanativb''— ^Mriwinn. 

•■WrilttnimliyetyaDd readable style." 
— Z/™;-. 
, "The skill of the author in the delines- 

b^''^p^e, ''-M^V /■«'"" 
EFFIE'S GAME; HowSHKLosr 

A.ND HOW SHE Won. By CecU 
Clayton. 2 vols. 



BRESSANT. A Romnn 
Julian Sawthorne. 

Crown Svo. 

■■The Mil's work we veoture 
werihy of tha ute. . . . Tfa 
It Blands IS one of the moGL pan 

a palflful and appreciative rec 



a toTfe stiarc of his father's peculiar genius." 
ke unhopeful ttiaCwe shall 



—i-aU Mali Gairl 



who bi 



I the h 



HONOR BLAKE ; The Storv ok 
A Pi-UH Woman. By JItb, 
Eeatinge, Author of "Englisli 
Homes m India," S:c, a vols. 
Crown Svo. 
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Jl-orh Published by Henry S. King 6- Cftj 
F [ CT ION — (ciitinu&l. 



THE STORY OF SIR ED- 
WARD'S WIFE. By Hamil- 
ton KarBhtill, Author of " For 
Very Life." i vol. Crown Svo. 
"A quiei graccTul lilllc alOry-"— -i^ff- 



, Mr. Han. 



ID Mar 



' ' Linked al Lasi ' ■ 



llnqukh ii wJihaut conduding the volume." 

—MmmigPB!l. 

^•A v»y charming >^^:''-y>^n 


ERPLEXITY. Bj- 
Uostjoi. 3 vol*. Cr 


Sydney 

wn Svo. 


'•ThEliImry« 


rorknuuBhip 
and Braphia 


li power Df 

■d in !««=«.■' 
e. good, and 



MEMOIRS OF MRS. LJETITIA 
BOOTHBY. Uj- William 
Clark BusaeU, Author of "The 
Book of Authors." Crown Svo. 
^s.6ii. 



••One of 



ierijalning from the f!i 



•~7wdy 



•—Guardia,. 



CRUEL AS THE GRAVE. By 
the Oonntess Ton Bothmer. 

3 vols. Crown Svo. 

■•7ia!0HSyu::r«ilailhiGrj,>f.- 
" An interesting, thotigh somowhal rragie 



lently re 



-VaUr-V^ 



^ 



GINX'S BABY; His Birth ako 
OTHER MisFORTUKKs. By Ed- 
Ward Jenldns. Crown Svo. 
Price 21. 

FourtecBth Thousand. 

LITTLE HODGE. A Christmas 
Country Carol. By Xdward Jen- 
kins, Author of "Cinx's Babv," 
&c. Illustrated. CrowH Svo. 'jj. 






and him 



ir™>™. 



" The pathos of ioniE nf th 



LORD BANTAM. By Z^ward 
Jenkins, Author of " Giiuc's 
Baby." Crown Svo. Price 2 j. 

LUCHMEE AND DILLOO. A 

Story of Wesl Indi.-ui Life. By 
£dward Jenkins, Author of 
" Ginx's Baby," " LitUe Hodge," 
&C. Two vols. Demy Svo. Illus- 
trated, [Pre/iiriHff. 
HER TITLE OF HONOUR. By 
Solme Xiee. Second Edition. 



LiteraTy Churchman. 

THE TASMANIAN LILY. 
Jamea Bonwick. Crown I 
Illustrated. Price Jj. 



"An u 



iMfuI wotk."- 



MIKE HOWE, THE BUSH- 
RANGER OF VAN DIE- 
MEN'S LAND. Hy Jameo 
Bonwick, Author of "Tlie Tas- 
minian Lily," &c. Crown Svo. 
With a. Frontispiece. 



6 5, Cornhill; &» 12, Paternoster Row, London. 



vrks Published by Henry S. A'/wf 



Fl CTIOM — eenSnaid, 



SVADd EdilioD- 



SEPTIMIUS. A. Romance. 
Ily Nfttbaniel Hawthorne, 

AxUhor of "'rhe Scarlet Letlet," 



Crown Svo, clolh 


extra gUt. EU. 


*^^. of ibE tn> 
thotBc-i writing ;«cr 


Ihal-lhe book ■! 
uuKfJci of Haw- 



th hii peculiar view cf thouehc^ co 

PANDURANG HARI; or, 

Memoirs of a Hindoo. A Tate 
nf Mahratta Life sixty years ago, 
Wilh s Preface, by Sir H. Bartle 
S. Frere, O.O.S.I., &c. z vols. 

Crowe Svo. I'rice 2IJ. 



the I 



■'■Iliorc 



ro thai nukct hi» Wii 



rang Hiu-r, but lo read It resolutely through. 
If iLer ilo thU Ihcy cannot, we think, ail 
lobe boUi amused and inlercslcd."— Times. 

MADEMOISELLE JOSE- 
PHINE'S FRIDAYS, mill 
other bloties. By ICise M. 
B«tltam Bdw&rds, Author of 
" Kilty," &c. XShctily. 

A c<plkcllon of _MU< Eduaids' more \m- 



idEdilkn. ^^H 



HERMANN AGHA. An Easteni 
Narralive. ByW. 0ifford Pal- 
grave, Author of " Travels in 
Ceotral Arabia," &c z vols. 
Crown Svo, cloth, extra gilL l8i. 
" Roili like I. Bile of lil^, vilb all ite 
inddeni^ The young will EatLe to ii fbr 

lionB, [ome in this liay for \a Arab philtj. 

" TbBC ita poiidve liaRrancc aiof newlr- 

ulllicilll]- pirfiimed pasiioni nhich are 
detailed to us with sufh gu&io by our 



MARGARET AND ELIZA- 
BETH. A Stoiy oflheSea. By 
B^therine Baimders, Author 
of "Gideon's Rock," Srt:. In i vol. 
Clotli, crown Svo. 

GIDEON'S ROCK, and olhcr 
Stories. By E&tliwiiie Baun- 
ders. In oue vol. Crowti 8vo. 
Odntebti— GiJson'? Hoclc.— Old Mat- 
th=Vs ^uJIlt— Gondcjaqfc,— Uncle Ned. 
—The Retired Apolliecajy, 

JOAN MERRYWEATHER, and 

other Stories. By Etttherine 
Saundera. In one vol. Crown 
Svo. 

CuNTEKTS,— The Haunwd Cnat— The 
FIou/er-GirU— Joan Metrywt ■ — 



A New anil Cheaper Edition, in r vol. each. Illustrated, price 6j., of 
COL. MEADOWS TAYLOR'S INDIAN TALES is preparinu for j 

lication. The I'irst Volume will be " The Confessions of a Thug," and I 
will be published in December, to be followed by "Tara," "Ralph I 
Darnell," "Tippoo Sultan." 

65, Cornhili ; and 13, PatermsUr Rmv, Lmiden, 



THEOLOGICAL. 

STUDIES IN MODERN PROBLEMS. A Series of Essays by vari. 
Writers. Ediled by the Eev. Orby Slupley, M.A. 

Thi5proj=ctsH:urMlhesupemsr™t.f = simll nnmbtr of Clergy and.Lallyfdtmo 
prgaibed thnr co-oiKtuion cdiLonallv, and will act ■£ ■ CommitiBQ of Rvferoice. ' 

each, in a readable type, crown Svo, at the price tpf 6df* pjid will appear fbruuchify 

six mOBllu, bjr way of irial. 

A Single Copy sent poM free for 7^. ) 

The Scrieioria Numbers sent post tree for 71., ot for 71. &iL if 13 t iftrej^id. 

Additinnal Copies lem at proponionaiemieB J 

PROPOSED SUBJECTS AND 

SACEt&UBKTAl. QOHZ^aBIOlI. SOMX : 

EETREATS POH KEBSONB UVma . 



ABOUmoN OF THB ARTIOOJS. EBBBRTATION O* THU BLBSBSID 

NiCHou! Pomca, M.A. SAOHAMEHT. , 

OBEATIOS AND MODBHN SOIlDNOa. HE^av HuHni.B, M.A. 

GKOHnE GUKHNWOOD, M.A. CATSOLICISM AND PKOQRBBa. 
MI9SI0NB, J. Kdw/,rd V*u7(. M.A. Eumusjj G. Wouo. M.A. 

OATHOcio AND pbothstant. ALAYUAN'STinwor □oHFseeiOH. 

EUIVARD L. BlENKISMIT, M.A. , J. DAHU (JmilUBHB, M.A. 

UNTIL THE DAY DAWN. Four .\dvent Lectures delivered in the Epis- 
copal Chapel, Milverlon, Warwickshire, on Lhe Sunday evenings during 
Advent, 1870. Gy the Bev. Uarmaduke £. Browne. Crown 8vo. 

A SCOTCH COMMUNION SUNDAY. To which are added Certain 
Discourses Trom a University City. GyA.E.H.B., Aulhorof'Tbe 
Recreations of a Country Parson." Crown Svo. Price Sj'. 

CHURCH THOUGHT AND CHURCH WORK. Edited by the Eev- 
Chaa. Andereon, U. A., Editor of " Words and Woi^ in a London 
Parish." Demy Svo. Pp. 250. 7^. 6n'. Containuig Articles by the Rev. 
J. Li.. D.wiF.E, J, M. Cai'es, Harrv Jones, Brooke L.vmbekt, A.J, 
Ross, Professor Cheetham, the Editor, and others. 

WORDS AND WORKS IN A LONDON PARISH. Edited bj 
the Bev. Cbarlss Anderson, H.A. Demy 8vo.. i>s. 

few minds, to whom the yiKsilon ' Is the power !' !s ot deep and eraye imporlanoB." 
National Church worth preserving as | —Sf<xlnt<<r. 

EVERY DAY A PORTION; Adapted from the Bible and the Prayer Boole, 
for the Private Devotions of those living in Widowhood. Collected and 
Edited by the Lady Mary Vyner. Square crown Bvo, iirlnled on good 
paper, elegantly boand. 

" Now she Ihat is a ^dow indeed, and desolate, trusteth in God." 

65, Cornhill; d" la, Paiemfister Row, London, 



/ by Henry S. Kint; &• Co., 



Th EOLOG ic AL — conUiiucd. 



■l-liird EdLlion. 
THE YOUNG LIFE EQUIPPING ITSELF FOR GOD'S SER- 
VICE. Being Four Sermons Treached before the University of Cam- 
bridge in November, 1S72. Itr the BeT. C. J. Vaughaji, D.B., 
Mosiec of the Temple. Crown 8vo. Price 31. CiJ. 

"Has all tbc wricer't chaiacIc^riBlicK | Everylhing elae thai he writes.^ — . 
of dcvoEcdnes. purity-, and high moral jHiirfr. 
tone."- Z^Brf.u Qmrtirh Rn-im: " Eameal in 101.5 and eloquent in 

A NEW VOLUME OF ACADEMIA ESSAYS. Edited by tie 
HOBt Bevereud ArcbbiBhop Manning. Demy. 

Uo.vTKKTS :— The Philoiophy of Chris- | Christianity in relation to Society.—' 
tianity.— Mystical EleinenlsofSeliEion,— I Ksligioua Condition of Gennany. — ■. 
CoDtroveny with rha AfinasticB. — A Rea- Philoaoph}' of Bacon- — Catholic LajlT-cti 
inning IIiveeHl — Dorwinnni braDfthc to I :kQd SchoTosticPhilosophy- 
BooL-Mr. Mill™ Liberty orthePreis.— I 

WHY AM I A CHRISTIAN? By Viscount Stratford de BedolifFe, 
P.O., K.a., O.C.B. Crown 8vo. 31. Thtrtl Edition. 

■■ Hi? a peculiar interest, aj cihibi^ng the convi«ion5 of an eanteif. inlellis™t 

THEOLOGY AND MORALITY. Being Essays bytlieHBTr.J.LleweUyn 
DaviGB. I voL Svo. Price •}!. bd. 

Essayi on Queations of Belief and Practice— Th= Debts of Theology- to Secular InBu- 
tnoes,— The Christian Theory of Duly.— Weill Points in Dinitariaiiiinu- N.tun 
rtoyer.— The Continuity of Creation.— The BeRlnninpi of the Church.— Eraiim 
Eicomniunication .—Pauperism as produced by Wealth.— Comhlnalionj of AHtieultural 

THE RECONCILIATION OF RELIGION AND SCIENCE. 

Eeins E^Mys by the Bev. T. W. Fowle, M.A. 1 vol., Svo. lor. 

..rt,liiy^— Religion anJ Fa«t--3rhe M^chs"or God— T^e 
■ il —The Divinity ofOiristand MudciT^'Ku^t.— Tlfe {aun--- 

of a thoughtfnl pause." — J^Uerary 

HYMNS AND VERSES, Original and Translated. By the Eev. 
Henry Downton, Small aavm Svo, 3^. 6rf, 

" it isa rare gift and very precious., and | arc woHhy of all praise." — £rtf/u& 

pi™» In oa denominallMU." — C*»ir* I '■ WUi. we do not doiilit. hewelcoc 

0/iim!^. s permanent pcSKs^on 10 those for V. 

" Cui^sidcrable force and heaiily charac- they have beencomposcd or ■□ whom ihey 



65, Ceriihiii; ^ la, Patcrttosler Rati', Lon^m. 
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T H EOLOG ic AL— antiimai. 



aAisis."—EnglukCkitrck- for thought und Jtiillj."—?aAK Bull, 
! and pure in stj-li^."— | ■l.::\\."—Litcraiy CkurchilLin. 



"A meulariy calm, IhoughlTuI, aod I ibal Truth is somelhiceslronKr and mora 

philosaphiatl inquiry into wliat Truth is, I tnduring than out little ooiugr!, and 

undwhat it& authority-" — Litds Mrrcttry. ppeaklMi, and acdnn," — Zitrrixiy 

-'It Idls the<si>rl(l whatildsanotlitic CAurvhtHaH. 

LIFE : ConfcrencK lielivered at Tonlmise. By the Bey- P&re Iiacordaire. 
Crown 8vo. ts. 

"Lei the seriom reader asi hit syc I " The hook itminh itudying as an cvi- 

upon any single page in this Toluiai, and I dmce of the way in which an able man 

he vnll End lEere words which will arret may be nippicd by theologlcil chains."" 

mate of ihe teAlnis of Ais wotlhy fol- "Thed;scoursesateMinnle,iialnTal.and 

lower of th* laintly St. DnBdnick."— unaffiKleiily eloquent,"— AWic C>;niuK. 
SlgtningPost. I 

Fourth Edition. 

THOUGHTS FOR THE TIMES. Bythe Eev.H.B. Haweis.M.A., 

" Anthor of Music and Morals," etc Crown Svo. ^s. bd. 

thonghi7n™di^^duBli'^ofe°^tes!ioii!"— In ^I'llIaThE say" w^p^ivc n^'iSiv 



CATHOLICISM AND THE VATICAN. Witli a Narrative of ihc Old 
Catholic Congress nt Munich. By J. LoWTy Whittle, A.U., Trin. 
Coll., Dablin. Crown Svo. 41. &('. 

" We mny cordially recommend bis book I Did Qlholic z&aiemmi.' ~Sa<i,rd,ir 
,„ ..II ..,u„ ,-.:-i, ... r..fi-... .1 * .1.- &_.-_. •■"■J 



65, Cornhill ; dr* la, PatermsUr Row, Loiidm, 
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THEOLOGrCAii— co»i!i>nU)£ ^^^^^| 

SEcsfld EdidoB. I^^^l 

SCRIPTURE LANDS IN CONNECTION WITH THElR^HlB^l 
TORY. By G. S. Drew, M.A., Vicar of Trinity, Lambeth, Author ^ 
of "Reasons of Faith." Bevelled hoards, Svo. Price l<w. W. 

"Mr. D™« hi. invented a n™ method , nation ftniu Abrahatn doumwards, wilh 

obuTvaCiOQ of the cnuntiieL Instad of | nhkh the geo^Taphy iUnatratn the his- 
njuralifl^ his travels^ pntl rtftmoe frqni If^ry. . . He ib vcF7 niicccbsful m pic- 

writn an outline tuitory of the Hebreu' I 

Secoud E^llon, 
NAZARETH : ITS LIFE AND LESSONS. By the Bev. G. S. 

Drew, Vicar of Trinity, Lambeth. Second Editioo. In small Bvo, cloth. 5/. 

"A sinBilarly reVCTenl and bcautkM I liook! recenlly issued in the whol 
book,"— yji/iy TeUgnifh. EoRli^h thcofogy."— CiKPrim* 

"Perhaps one of Ihc most remarkable | sini. 

THE DIVINE KINGDOM ON EARTH AS IT I 
HEAVEN. By the B«v. G. S. Drew, Author of "Naiai 
Life and Lessons." in demy Svo, bound in cloth. Price 



Entirely valuabli 



IE admirably ev 




Literrny CfmrtK 



SIX PRIVY COUNCIL JUDGMENTS— 1850-1872. Annotated by 
W. G, Brooke, M.A., Earns ler-at-Law. Crown Svo. gj. 
THE MOST COMPLETE HYSIN BOOK PUBLISHED. 
HYMNS FOR THE CHURCH AND HOME. Selected and Edited by 
the Be V. W. Fleming Stevenson, Author of "PrayingMid Wording." 
Tit ffjmn-l^i amiim ef Three F^rin—l. For Public Worship. -IT. For FainUy 
andPtivUBWoidiip.— III. For Children: and contains Biographical Nolica of neaiLy 
300 Hymn-wntert. with Notes upon their Hymiu. 
",' PHUishsdiHvarlaia fsrmiatidfrica. thf laltrr ravgitg from gti. toU. Litis hhJ/hU 
fnrtknlan tuiU br/ariiiskid m IfflicalKH ll iht Puililirr. 



WORKS OF THE LATE REV. F. W. ROBERTSON'. 



I I. Small crown 8vo. Price 3/. W. 

II. Small crown Svo. Pncc y. W. 

III. Small crown Svo. Price y- ^■ 

IV. Small crown Svo. Price y. 6d. 



PAUL'S EPISTIAl 

n Svo. is. 



65, Cornhill; iS* 12, Paiemoster Row, London. 
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Works of the late Rev. F. W. Robertsok — continued. 

IKE EDUCATION OF THE HUMAN RACE. Translated from the 
Gsmiitii of Oottliold Ephraioi LeBBmg'. Fcaji, Svo. 2s. 6d, 

LECTURES AND ADDRESSES, WITH OTHER LITERARY 
KEMAINS. I!y ihc late Rev. Fredk. W. Boberteon. A New 
Edition, including a Currc.fjjondtntt "'ilh I.:iiiy liyron. With Iiiltocluctioii 
Ly the Rev. Stopford A. Brooke, K.A. In One Vol. Uiiirnrin 
with :he Scrmon5. Price 5j. [Prcfnrin^. 

A LECTURE ON FRED. W. ROBERTSON. M.A. BytheBov-P. 
A. Noble, delivered lieforc llie Vount; Men's Cliristian Associatlou of 
Piltsburyh. U..S. Ii. W, 



WORKS Bv THE REV. STOPFORD A. BROOKE, MA. 

Chjpbln \a OrJiniry lo Htr Majesiy Iht Quwn. 

THE LATE REV. 
LETTERS OF. 
Ordinary to tlie Queeii. 

In I vols., uniform with the Sermons. Price 71. W. 
Library Edition, in demy Svo, with Two Sleel Portraits. 12/. 
A Popalar Edition, in j vol. Price 61. 

THEOLOGY IN THE ENGLISH POETS. BehiE Lectures deUverwl 
by ihu Rev. Stopford A. Brooke, Chaplain in Ordinary to Her 
Majesty the Queen. 

ThJtd Edition. 
CHRIST IN MODERN LIFE. Sermons Preached in St. James's 
Chapel, York Street, Londun. Croivn Svo. Is. 6J. 

" Nobl)> faricu and dnmilurly stcDiiK. . . . oirrics our idmiFalian IhroUElmiii.'' 
-JSrilCsA QHorltrfy Hn'irui. 

FREEDOM IN THE CHURCH OF ENGLAND. Six SEnnon>; 
suggesiedby the Voysey Judgment. In I vol. Crown Svo, cloth. 31, &/. 

■'A vciy fair statomcnl of the views in I "Inlcfesline mid rtadsble, ind charac- 
icsprci to ftMiloin of iheiugln held by 111- ' — ■—- ' '— -' -' -'-- -'- 

ElaelrtnaHri Matatiue. 

Scviinth Edition. 
SERMONS Preached in St. Jumea'a Chapel, York Street, London. Crown 

wonder thai Mr. Bruokt it a great power nu>ii.->, tlth wiiji (he inauuro ^ a calti- 
in London, thai hli dinpel i> thronged, vulcilimasiiunioji."— twm/iirt. 

THE LIFE AND WORK OP FREDERICK DBNISON 
MAURICE : A Mcmoti.il Sennon, Crown Svo, sewed, u. 






65, Cornhill; ^ 12, Palenwster Row, London. 



THE CORN HILL LIBRARY OF FICTION. 

3s, 6d. per Volume. 

IT Ls inlanileil in tlii< Series to produce books of swell merit that lender! will 
care to presene them on tlicir ahelves, Tlwy are weU printed od gtwd 
pnpcr, lionilMiniely lK>untl, villi a Franlispiece, aitd are sold at the niocieinte price 
ofSj. 6^/, each. 



FOR LACK OF GOLD. By Charles Gibbon. 
GOD'S PROVIDENCE HOUSE. By Mrs. G. L. 

ROBIN GRAY. By Charles Gibbon. With n Frontispiece. 
Iiy Henneasy. 

KITTY. By Miss M. Betham- Edwards. 

READY MONEY MORTIBOY. A Matter-of-Fict Stor)-. 

HIRELL. By John Saunders. Author of ".Abel Drake's 

Wifu." 

ONE OF TWO. By J. Hain PrisweU, Auilior of "Thi^ 

ABEL DRAKE'S WIFE. By John Saunders. 
THE HOUSE OF RABY. TlyMrs. G. Hooper. 
A FIGHT FOR LIFE. By Moy Thomas, 

OTHEK STANDARD NOVELS TO FOLLOW. 

65- Coni/it/l : atid 12, Pakmoster Row, linden. 



